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INTRODUCTION. 



The object of the following pages is to extend the 
knowledge of two instruments connected with the Steam- 
engine, the Indicator and Dynamometer : the former of 
which is of universal application in land and marine en- 
gines ; and the latter is applicable to those marine engines 
in which the screw' is used as the means of propulsion. 

The Indicator is one of Wattes inventions, upon which 
he was accustomed to place great reliance ; and it may not, 
perhaps, be too much to say, that, in his hands, it contrib- 
uted mainly to his successive improvements of the Steam- 
engine. After his patent had expired, and the Engine 
had become public property, the various makers, it seems, 
did not at first sufficiently value this useful instrument ; 
for we find Farey, in his work on Steam, complaining that 
Steam-engines had rather retrograded from neglecting it. 
However that may be, such is not the case now; for every 
engine maker is careful to apply it, as the best means of 
testing the working condition of his engine; yet even now 
there are many classes of people connected with the Steam- 
engine, such as officers commanding steam- vessels and en- 
gineers, to whom a fuller description of the instrumeiit, 

and the uses to which it may be applied, will be acceptable. 

(iii) 



IV INTRODUCTION. 

Having felt personally the want of more practical in- 
formation on the subject in existing works, it has been 
thought by the Authors that the following pages will sup- 
ply a deficiency, of which many have complained; and 
enable those who have not the opportunity of making ex- 
periments to gain a more intimate knowledge of the Indi- 
cator; and it is hoped that some novel applications of the 
instrument will at the same time give it a degree of 
interest among those who are conversant with its ordinary 
details. 
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THE INDICATOR. 



The Indicator appears to fulfil two distinct and very 
important ends. 

1. It enables us to discover whether there are any de- 
fects in those parts of the machinery by which the steam is 
admitted to the piston: for instance, it indicates whether 
the slides are properly set, or leaky ; whether the stops on 
the intermediate shaft are properly placed; whether the- 
steam-ports are large enough ; and, consequently, whether 
a different arrangement of the working part of the machin- 
ery would be advisable. In fact, in the hands of a skilful 
engineer, the Indicator is as the stethoscope of the physi- 
cian, revealing the secret workings of the inner system, 
and detecting minute derangements in the parts obscurely 
situated. 

2. It discovers, at any instant of time, and under any 
given circumstances, when it may be desirable to apply it, 
what is* the actual power of the .engine. 

We will first give a description of the instrument, and 
then proceed to its various uses. 

Plate I. Fig. 1, is an external view of the Indicator, as 
constructed by Messrs. Maudslay and Field, having half the 
dimensions of the original in every respect. The dotted 
lines are intended to show the internal parts. A k s, hol- 
low cylinder, whose upper end EH is open ; the lower end 
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being intended to fit into an orifice in some part of the en- 
gine (generally the top or bottom of the cylinder) by means 
of the screw aa ; 6 is a stop-cock, by which, when the in- 
strument is attached, we can, at will, make or cut off a com- 
munication with the internal parts of the engine. Within 
the hollow cylinder -4 is a piston mn^ packed and fitting 
steam-tight * Let us suppose, for perspicuity, the instru- 
ment to be in communication with the top of the steam- 
cylinder. Then, when a vacuum is formed above the steam- 
piston, the atmospheric pressure will force down the piston 
of the Indicator, and it will remain at its lowest position till 
fresh steam enters ; but it would immediately (unless pre- 
vented), on receiving a new impulse, be blown out of the 
open top HE. To prevent this, and at the same time to 
enable us to measure the force of the steam, a spiral spring 
presses with its lower extremity against the surface of the 
piston, while its upper end rests against the fixed cross-piece 
c. By this arrangement, the place of the piston will always 
vary as the pressure of the steam varies ; for it is a mechani- 
cal fact, that the tension of a spring varies as the extension. 
Hence the greater the pressure of the steam, the more the 
spring is compressed ; and, on the contrary, as the steam 
loses its elastic force, the spring expands, and the piston 
descends. So that, to get a clear idea of the instrument, 
conceive the piston to be acted on by opposing forces : on 
the lower surface by the pressure of the steam (continually 
varying), and on the upper surface by two forces, viz., the 
pressure of the atmosphere (constant) and the force of the 
spring (varying so as to balance the steam-pressure). Now, 



* In practice this piston must not be packed overtighty for fear of increasing 
the friction and preventing the free motion of the pencil ; bat the defect, 
If any, mast be remedied by keeping melted tallow or oil on the npper 
snrface. 



DESCRIPTION OF INBTBUMENT. 1 

as the steam-force is perpetually varying, it follows that the 
piston-tube {de) will be continually rising or falling. If a 
pencil (jp) be attached to the upper end of this tube {de) in 
which the spring works, it will describe a vertical straight 
line on a piece of paper brought into contact with it. This, 
however,' is not sufficient for our purpose. This line would, 
after it was traced, tell us the maximum and minimum 
pressure during the stroke : but the pressure at any par- 
ticular portion of the stroke would still be undetermined. 
We must, therefore, have some plan similar to that adopted 
in other cases where the vertical motion of a pencil under 
particular circumstances is to be registered. In all such 
instances, the paper on which the variation is to be laid 
down is drawn horizontally at a certain rate. If, for in- 
stance, we were desirous of recording how the pressure 
varies with the time^ the paper must be drawn uniformly^ 
by connecting it with clock-work, or some other apparatus 
for giving a uniform motion. But this, however, is not 
usually the desideratum in the steam-engine. Our object 
is here to have, represented before our eyes, the variation 
of the pressure for every portion of the stroke of the piston ; 
and this is contrived as follows: the paper is wrapped round 
a cylindrical barrel C, which is brought back against a stop, 
by a strong watch-spring contained in the box EF. A 
string passes round the pulley D, and is led away through 
a fair-leader G, to some part of the engine having a similar 
motion to the piston cross-head, only much reduced; by 
which means the watch-spring and the spring are always 
opposing each other. As the piston rises, the barrel will 
be pulled from left to right; and, on the contrary, as the 
piston descends, the string having a tendency to slacken, 
the barrel will, by the force of the spring, be brought back 
from right to left. At ^ is the pencil attached to the upper 
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end of the tube (dg\ and rising apd falling with the Indi- 
cator-piston; and this can be brought into contact with the 
paper on the barrel C, or removed from it, at will, by means 
of the joint at g. The rod a«, and another one on the op- 
posite side of the cylinder, serve as guides to the piston. 

I%e Indicator-scale. 

The paper is kept on the barrel by means of the strip 
of metal Ai, on which are divisions representing the pres- 
sure of the steam. It will be seen that it is graduated 
throughout its whole length, beginning from zero, and 
proceeding upwards and downwards. Now this zero is the 
level at which the pencil stands when the instrument is un- 
connected with the steam-engine, and therefore acted on 
by the atmospheric pressure above and below the piston. 
The pencil will be seen at this level in the figure. If the 
barrel be made to revolve under these circumstances, a 
horizontal line will be traced out. This is called the atmos- 
pheric, or zero, line. And, therefore, the pencil will also 
be at this level whenever the steam, taking the place of the 
atmosphere below the piston, exerts the same pressure: and, 
consequently, wherever the diagram cuts this horizontal 
line, th€l pressure of the steam is 15 lbs. on the inch ;* when 
on the level of the marks 1, 2, 3, etc., above this zero, the 
pressure is 16, 17, 18, etc.; and when on the level of the 
marks 1 , 2, 3, etc., below this, the pressure is 14, 13, 12, etc. 

To graduate the Indicator-scale. 

Mark the point where the pencil touches the scale when 
the atmosphere is acting freely on both sides of the Indica- 
tor-piston ; then, having previously found the area of the 

* More strictly, 14*75 lbs, or a quantitjr differing from this slightly accord- 
iflg to the state of the weather. 
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piston in square inches, multiply the result by 15, and ap- 
ply it as a weight in lbs. to the under side of the piston. 
This will cause the pencil to descend through a space corres- 
ponding to a decrease in pressure of 16 lbs. Make another 
mark at the point where the pencil is standing, and divide 
the intervening space into 15 equal parts, each of which 
will correspond to 1 lb. pressure. This scale can be con- 
tinued above the highest division as far as requisite. As 
an example, let us suppose the diameter of the piston to be 
1| inch, the corresponding area is 5*1051 square inches, 
and the weight to be attached 15 x 5-1061, or 765 lbs. 

When the atmospheric line is to be traced. 

The atmospheric line should not be taken till after the 
rest of the diagram has been completed ; because, as the 
parts become warm by the steam, slight variations occur in 
its position, depending principally on the alteration in the 
force of the spring ; and since this line serves as the origin 
from which the pressures are dated, it is necessary to have 
it laid down as correctly as possible. 

The use of the small hole (jn) in the side of the stop- 
cock (mb). 

It serves to let the air into the cylinder (4) when the 
steam is cut off by the stop-cock, and thus enables us to 
take the atmospheric line; the stop-cock performs the 
office of a three-way cock ; for by turning it in one direc- 
tion we allow the steam to enter, and exclude the external 
air ; and by turning it in the opposite direction we admit 
the air, and exclude the steam. 

Method of taking a diagram. 
First, look out for some part of the engine whose mo* 
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tion is proportioned to that of the steam-piston ;* taking 
care that the space moved through at that part shall be 
somewhat less than the circumference of the traversing 
barrel ;t that is to say, whatever be the diameter of the tra» 
versing barrel, let the movement of the part you are look- 
ing for be not greater than three times this diameter. Fasten 
a string firmly to this point, and have a traversing loop in 
the loose end of the string ; it must he of such a length 
that it may be connected with the string passing round the 
pulley of the Indicator. Then close the stop-cock of the 
Indicator, and fix it by the screw {ad) to some orifice pre- 
viously prepared in the top or bottom of the cylinder. J 
Insert the pencil you intend to use in the small hole {p) 
made for its reception, and clamp it there. The pencil 
should be hard, and have a fine point, to give as clear and 
distinct a line as possible. Those used for drawing-instru- 
ments, and marked hhh, are probably the best. Have 
some pieces of clean writing-paper provided, long enough 
to be brought round the traversing barrel, and overlap 
about an inch. Paper previously ruled is useful for this 



* That is to say, when you are wishing to find how the pressure varies with 
the stroke of the engine. 

f In some engines there is no point except the cross-head of the piston 
to which the string could be attached. The motion must, in these cases, 
be reduced by pulleys ; the circumference of one pulley being equal to the 
stroke of the engine, and that of the other to the motion of the Indicator, 
or they should be to each other in these proportions. 

% If the top of the cylinder be chosen, the orifice for the grease-cup will 
generally answer the purpose. In most cases, however, a pipe leads from 
the top to the bottom of the steam-cylinder, and the Indicator is attached 
to this pipe. ' It is provided with stop-cocks, so that when once fixed, the 
arrangement is very convenient for taking two diagrams . almost simulta* 
neously from the upper and lower part of the cylinder. The only objec- 
tion to it seems to consist in the tendency of the steam to condense in the 
pipe. For this reason it is advisable to have the Indicator as close to the 
oyUnder as possible. ^ . 
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purpose, the ruled lines being placed lengthways on the 
cylinder. Wrap a piece smoothly round the barrel, and 
fix it by means of the clasp {ih) on which the scale is marked. 
Then tear away all the surplus paper, and examine what 
remains, to see if it be quite smooth ; for if there be any 
ridges, the curve will have an irregular appearance, which 
might lead us to suppose some of the gear for working the 
slides had become loose, or much worn. Next wind the 
Indicator-string round the pulley of the barrel D ; and 
connect the hook at its extremity with the loop of the string 
attached to the engine. Adjust the string by means of the 
running loop, till you are satisfied of the motion of the 
barrel ; allowing it to make nearly a whole revolution, but 
examining it most carefully to see whether it becomes 
slack, or overtaut. The stop-cock (6) may now be opened 
wide, and the Indicator-piston will immediately start into 
motion ; the piston must be well lubricated, to reduce the 
fiiction as much as possible, and at the same time to pre- 
vent leakage* Let the instrument work for a few seconds, 
to allow it to become thoroughly heated ; and when it has 
arrived at the same temperature as the steam-cylinder, it 
is in a fit state to trace its diagram. When satisfied of ihe 
working of the machine, take hold of the pencil when it 
comes to the bottom of its stroke, as it is longer stationary 
at this part, and bring it gently into contact with the paper. 
This part of the operation requires some practice ; for if 
the pencil be allowed to come forward too rapidly, the 
spring at ^, by which it is pressed against the barrel, will 
break the point ; and again, if held too long, the force of 
the steam^ suddenly acting on the machine, will force it 
out of the hand, or break the holder. When left to itself, 
it will trace out a curve on the paper. As soon as it has 
made a complete circuit, let the pencil be withdrawn from 



the paper (being oaijeful not tO take hold 6f it until at the 
bottom of its stcokeX ^^ order to have the line.distinct, the 
pencil should not go over the same ground twice. Shut 
off the stop-cock, and the piston will become stationary, 
both sides being acted on by the pressure of the atmos- 
phere. Bring the pencil again in contact with the paper, 
and as the barrel traverses, the atmospheric, or zero, line 
will be drawn. The operation is now complete, as far as 
the curve is concerned. Withdraw the pencil once more, 
unhook the line, and take off the traversing barrel. Next 
take a fine pointed hard pencil, and. before taking the pa-« 
per from the barrel, mark off upon it the scale of pounds^ 
beginning with the atmospheric line, and proceeding up- 
wards and downwards. After taking the paper from the 
barrel, it is completed by writing on it the date of the 
month, the name of the ship, that of the engine (whether 
starboard or port), top or bottom of cylinder (as the base 
may be), the number of revolutions, the pressure of steam 
by steam-gauge, and of condensation by barometer-gauge. 

It is important to have means of shortening or lengthening 
the string attached to the Indicator. 

• Too much attention cannot be paid to this precaution. 
If an undue strain be brought upon the string it will 
stretch, and if the string be too long it will become slack ; 
and in either case the barrel will be stationary for a small 
interval >?fhile the steam-piston is moving, and the curve 
will not be a true indication of the motion. Indeed, if 
proper attention be not paid to this point, the diagram 
may turn out very different from what it ought to be. 
The comers of the figure will be sharper and better de- 
fined, and consequently those little faults of the engine,- 
which it is our object to discover, will be hidden. 
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The pressure of the steam and the state of the vacuum on 
the diagram do not correspond with the boHer-pressure 
and condenser^vacuum. 

Both the steam-pressure and the vacuum will be less 
than that exhibited by the steam and condenser gauges 
respectively. The difference will depend on the size of the 
ports, the work the engine has to do, the distance the 
steam has to travel, the impediments it meets with in its 
passage from the boiler to the cylinder, and from the 
cylinder to the condenser. 

Uie part of the engine to which the string should he attached. 

It must not be attached to any part indiscriminately. 
Generally speaking, we wish to obtain the pressure of the 
steam for different portions of the stroke of the piston ; 
therefore the string must be fastened to some part of the 
engine having a stroke proportioned to that of the piston, 
only much reduced. The part selected must be as near 
the Indicator as other circumstances will permit ; for the 
greater the distance the longer the string, and conse- 
quently the greater is the chance of error from its stretch- 
ing. Caution must be used also to prevent the string 
from slipping on the rod to which it is attached. One of 
the best contrivances for giving a free and proper motion 
to the string is to fix a pulley to the radius-shaft,* to the 
groove of which the fixed end of the string can be con- 
nected. It will be necessary, in other cases, to make use 
of fair-leaders for the purpose of conveying the motion 
from the part chosen to the Indicator; and due regard 

* A quadrant wlU suffice, if a complete puUej oaunot be fitted to the 
radius-Bhaft. In Maudslay's direct engine a pin can be fixed on the main 
centre of the air-pump beam. In Seaward's direct engine the string may 
be attached to the eenirt line of the radius-bar. 
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must be paid in placing fair-leaders^ to ascertsdo %rhether 
the motion of the engine will be fairly represented by the 
Indicator. 

On the general configuration of the diagram under given 
circumstances. 

Let us bear in mind that all vertical ascending motions 
are caused by an increasing pressure of the steam, and 
that thefdescent of the pencil is a consequence of the elas- 
ticity becoming diminished. Again, with respect to the 
horizontal motion, we must first notice, that the pencil- 
mark is traced in a direction opposite to the motion of 
the cylinder-barrel, because the pencil is fixed in its 
sockfet, and the barrel moves beneath it. But as the 
barrel moves from right to left* (that is, as the pencil- 
mark is traced from left to right on the paper), the steam- 
piston is descending; while, on the contrary, as the pencil- 
mark proceeds from right to left, the piston is coming up.f 
We shall then arrive at the following general conclusions; 

1. If the motion of the pencil be vertically upwards, ^^ 
as at 1, the steam-pressure is increasing y but the pis- 
ton of the engine-cylinder is not moving. 

2. If the motion be downwards, as at 2, the steam- 
pressure is decreasing^ but the piston not moving. 

3. If the line traced be horizontal, thus, ^ the 

steam-pressure does not vary, but the piston is descending.^ 

* The reader mast imagine himself to be facing the Indicator-barrel, as in 
Fig. 1. (See Plate.) 

t This will be the case in one engine, but not necessarilj so in another 
engine ; and, moreover, if the string be led in another directioh the reverse 
will happen; bat this the practical man can correct for himself according t« 
circamstances, and sabstitate ascending for descending^ and vice versd. 
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4 If tkefiiie^betliia^ ^ 



-, tile steam^pressofe do^ 



vat tarify but the pktoi is asandinffJ* 

5. If the line nm as at 5, the ste^m-pressurc is 
increasin^y and the pbtoa is descending.^ 

6. If the line run as at 6, the pressure is decrease 
mg^ and the piston is descending,^ 

7. If the line run as at 7, the pressure is decrease 
ing^ and the piston ascending* 



*x 



8* If the line run as at 8, the pressure is i»* V 
creoiingj and the piston ascending.* •\ 

The following diagram was taken from above the piston 
of H.M.S. Bee; and what follows will serve as explana- 
tion of it, and assist likewise in elucidating what has been 
before stated. 

First, we will put numbers round the diagram, in con- 
formity with the principles laid down in the last para- 




graph. Then, supposing the pencil to commence at -4, 
and trace out the curve in the direction of the arrows, we 



* 8e« s««0]id note on preceding page. 
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(see thfU the ttmm pre^isef ves ita 4nA and hii^eit ptfesiaie 
for a considerable portion of the stsdie, Tis., fmaa, A to C; 
from C to jB the downward stroke continues ; but the 
steam begins to lose its pressure, although at a variable 
rate, decreasing rapidly at D. At JB- the motion of the 
piston ceases ; but the steam continues to fidl, till nt length 
the pencil moves back nearly horurontelly for some space^ 
showing the pressure to continue invariable, although the 
piston is rising. At jP, however, 8 shows tiie steamr pres- 
sure to increase rapidly and suddenly, the piston stiU_ 
ascending ; till, as this oblique linp merges into the ver- 
tical qae at 6?, we perceive that the piston has arrived at 
the upper end of its stroke ; and the fresh influx of steam 
drives the pencil up to A. From this point the pencil 
will retrace the same curve. GD is the atmospheric, or. 
zero line. 

This diagram was taken from above the piston, and is 
usually, called the " Top Diagram." Similarly, if we cpn^ 
nect the Indicator with liie bottom part of the cylinder, 
we shall get a diagram of the same nature, but all the 
motions will be reversed, as in the accompanyii^ figure 




Top and bottom diagrams exhibited on the same card. 

It was stated in the foot-note of p. 10, that the Indicator 
may be attached, to a pipe connected with the top and bot- 



rani «r waomx. 



It 



oh the i^met otfd ^hotifr sUfting the iiidtrom^tit/ 'As 
this is the plan usually adopted at present, a specimen of 
the two diagrams istgiven, which will be as follolirs: 




It will be observed that the two figures face each other, as 
they: evidently oAght to doi- 
■ ^ ' " . , ■ ■ - ' - ' ■ I,' ■ ' 

The aliiwe cwmes exhibit tfhat has been y(nng i»n within the 

en^ne. 

The following drawings, marked i. n. nr. rr., are in- 
tended to represent the upper steam-port of a steam- 
engine, with a section of the upper portion of the slide, in 
four different positions;' In Fig. i., ikfiV represents the 
portway, and ST the slide-face. The slide is supposed to 
be that cbmmonly used in marine-engines, and called the 
LongD-SUde.* 

When the pencil, in tracing out the diagram in p. 15, 
is at G (or it may be. rather before arriving at G^),. the 

slide is fn the position represented in Fig. i. knd Is rising; 

.* ' ,»,> - ■ ■ - - - '- .'.. - - ■ ' • ■ • 

. * ^'Marine StectmSngineO^ihe authort of this work), Article 125 (Long 
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90 thfit the s^ean k about ta eitA:Mkhe eylmde^ Now 
tiljtis will tii^e place, as tlie din^ift'^bOTrB, veiy digh% 




before the upward stroke of the piiiton is accomplildied ; 
and since the piston and slide are both on the ascent, the 
low» edge S will have ascended a trifliftig space When the 
piston is at its highest. This slight space, though trifling 
in amount^ is i^lportant in its results on the woiking^ of 
the engine. . It is denominated the lead of th^ slide* As 
the piston descends, the valve continues to rise, and the 
aidmitting jQrificQ- becomes larger ; so that although the 
piston is. g^iining speed in its downward course, yet in 
weU-KJonstructed engines the first pressure. is continued, 
as we find in the diagram, through a considerable portion 
of <;hp^trpj?:e-,. •;, 

The slide, however, has already begun its downward 
motion; fuid when the pencil arrives at C, it has returned 
into the position it had in Fig. i. It is clear that as it 
continues to. descend, no more steam can be admitted ; 
whatever the cylinder contains will remain pent up; and 



T^Rxes its forae, asid*we t3:a<id a ecn^ depi^i^sbioik 

in the iliagram> fi:0Bi> C to D. But a stiU jgveateif d^ngigf id 
to be ^expected ; before • the piston^ arrive^ $t ite bw^st 
places Ete that -liappexMi, the slid^ will have come into 
the position shptvn by Fig* iiiir-forit is found to be di^ 
advaatageqos to allow the 0teatn-to'be kiept in tte i^ylsBid^r 
till the end of the stroke' ; because tise ehterkg steam at 
the risverse stroke wonld'ineet with . iso much oppositioi^ 
tiQ the Tsutnnm on tiie opposite i^de hiid .become tolefsMy 
good, that fh^ equi^ility of die motion would be much 
affected. This being granted, we see that the port vnll 
be open for eduction before the end of the stroke: con- 
sequently a rapid fall in tlie curye takes place at IX 
Moreover, the slide continues to fell, not only after the 
piston has come to the bottom, but evidently during the 
greats portion of the up*stroke : although, after a y^iff 
short interval, from the great rate at which the;steaBl 
rushes into a vacuum, tixe state of the vacuum is ticarly 
unakered, and but little different from' that in thi cou^ 
deasca:; hence, after turning the righlt-^hand corner, til0 
pencil runs nearly horizontelly. At JF", Hbwever, the^ 'sBd^ 
has returned to tiie position represented in Fig; ni and far 
oMi^/rthe piston is;ako nsing and near the top; <sobMfi^ 
queatlgr the atdam^ thad> faaa not j^et made itsi epeape, ik {leiit 
u|»; and Jhecoming tnpce end more compressed, tike pcfudl 
n»G» rapidly, till, the .fresh steam entemg, it ^stmrts : upr 
suddenly to J., and retrs^ces the curve. A iiniilar eatpla^. 
nalaqn will account for the bottom diagqam* 

• ,^ ...■'.':'■■■ •' ; . ; ' ' • : • -i 

The sUde diagram. , j : 

. infit diflgtam is oMim which the Iudk»torH^ 
neetediii^lifet eibip^heid ^ihe dide, and not ^mfk dte^i 



pf the pitftQBr; 9p tba^ thetlwrvieQM motion -of ike pencil 
habkwiW^ ^ud ft^n^^^da eanoeiiMiiiidi to a^fcaitsami d«t 
fjcoBtft of > tbe alide; and «i<« i?^d. . Awl thift pEocew'wyi 
^veus^ataay particulars of the slide, ivlthxHit thetrolifale 
of taking >the engine to pieces for meosureineiit. If the 
Indicator be in oonneolion with the upper end of tibe 
^yliiidey, it will gite us information of the upper slides 
ftoe^ and if with the lower end, of the lower stide-fece* 
JUwas bef(»e stated, the string must be connected with 
s(ime t>art having the mdtion of the slide; but gaieraUy 
it will be tiecessary to reduce the motion, because the 
^j&oke of the slide is more than the lixdicator-barrel will 
aUpw; in, gmall engines, such as that of the Bee^ it may 
]b* attached to the cross-head direct. As was remarked, 
SQ lo9g ^ /t^e barrel is moving from. leftto right, the slide 
is rising; ^nd wheix movi^girom right to left, itiis falling ; 
wd apy rtoe, or fail pf the. pencilled line is due to the. 
v«iation;in the steam-pressure^ as in the cdnunoa diagram^' 
The di^i^eni?e in. th^ two cases, then, mmply amounts ta 
this; that in the, common di%rata we have changela of 
prietssiire correspotidibg: to the motions of the pistvn^^t 
aiid in die slide diagram we. have changes of pressure' cor« 
f6s^nding.|;6.the taotions of the \s/»ilf-rod?, the horizontal 
mpYiemep^ in both casds being simihix; so tha^ in reading 
off ^ther a/cyliuder or a sUde diagtam, the laws of motioti 
arepi^cisel}^ the same p and therefore, this once underiri;ood, 
t^ere is no; difficulty in reading or comparing both dia-* 
gcsmsj; and the. important thing to notice is, that every 
sudden change of pressure refers to sotne prominent epoch 
in the slide's motion ; and consequently we are enabled to 
trace successively on the piaper the various positions of the 
slide, firomito loWiesI;ipoint.a9. it cnshims die. steam, allows 
fa^ Jin||;9ef6,ietc^ a^U finally aatiYea «t its k^heat pbini : 
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/ iB^w is a sKde dk^pram, obtained by Gonneo^mg the 
string to the slide cios»*head of the engine of IL M. SL 
BeeJ* The whole length of the figuse is the same as Ihe 
tnvel of the slide. If not, a method must be adopted to 
be afterwards explained. . When the pencil ia tA d^ die 
i^de is at the lowest point, and the vacuum is vary good, 
as the slide rises till the pencil comes to e ; but since we 
know d priori^ that the vacuum remaiiv good in the en<* 
gine till the cushioning commences, therefore when the 
slide has nsen from d to e, the cushioning oommenoes. 




and continues as the slide rises till the pencil arrives at/, 
when fresh steam enters, and after this epoch the slide 
still rises till the pencil has reached the point h. As the 
upper line is not so marked in its character as the lower 
one, we shall not say any thing of the downward stroke. 



* The reader wiU peroeire that in this diagram the steam is of higher 
pressure than that in p. 15. This is oansed bj a new boiler having been 
intrcKlaoed into the vessel, which is loaded to 10 lbs. 
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Tbron^ the poiats d^ e^f, eta^^nw the vertical lines Ad^ 
JBe, Cf, Dk, catting the atmoiplleiio Hne in A^ B^ Cy D^ 
and the horizontal I]3ie£Hiu£;f; (3, H. Suppose £2 
to be the noszle of die steam^port, on which the &ce of 
the steamHBlide moves (the cylinder being for conyenienoe 
of iUustraticm supposed to be lying horUfoktiUfy). Then^ 
since when the pencil comes to e the cushioning com* 
mences, F must be the upper edge of the port. Take 
JRP equal to the depth of the port (which we will sup* 
pose known). Again, since when the pencil is at df the 
slide is at the lowest, therefore we must suppose it to have 
started from JE; and consequently, at starting, the upper 
edge of the slide was below the lower edge of the port, 
the space FE. When the upper edge of the slide arrives 
at G, fresh steam enters; in other words, the lower edge 
of the port is at 1^, and therefore the depth of the slide- 
face is FG. Moreover, since the slide still rises through 
the space HG, HG will be the greatest amount of opening 
for steam. The successive positions here spoken of are 
laid down in the figures under the line EH. FF is the 
depth of the port. In 1, the, slide is at its lowest; in 2, 
the cushioning is commencing; in 3, the steam is about to 
enter ; in 4, Ihe slide is at its highest. 

To reduce the motion of the slide when too great. 

When the travel of the slide is greater or leafed than the 
breadth of the diagram, let HE be &e breadth of the dia« 
grant, as in the last paragraph ; from IT draw flP, making 
any finite angle with HE, and equal to the travel of the 
slide. Join P-B, and through F and G draw FQ, GB, 
parallel to JE?P, and then proceed with the line HP^ as in 



EFFECT OF ALlW&mQ LEAdtH OF GAB-LEYER. ^t 

die bst paragraph with the Hue HE; ooiu^xing ^ to be 
tibe upper edge of the steam-porti etc. 




To explain haw an alteration in the length of the goMeter 
affects the diagrams. 

If the gab-lever be shortened, tihie travel of the slide 
\?ill be increased, but the whole motion will occupy the 
same time. Now to see the effect of this on the opening 
and dosing of the steam-ports, we will suppose the slide 
in the middle of its stroke, as in fig. m. p. 18, and rising 
to admit steam to the upper port. Then, since the space 
through which the slide has to move in a given time is 
increased, it will allow the steam to enter, by assuming the 
position whkh it has in Fig. i. p. 18, earlier than it would 
have dot^ without the alteration. Also, it follows that the 
zemainmg portion of the upward motion will not occupy a 
longer time, but that the greatest opening for steam will 
be increased. Convelisely, as the sHde goes dotm again, it 
will take a longer time befeiie the steam is excluded. Now 
since the slide is in the middle of its motion about the 
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Bomp time m both, ctum, the cuslfkmiiig will commenod 
nearly at the same time; )Hit>Bcau8e ftmh i&am emt»» 
earlier, the lead will be increased ; and because the maxi- 
mum opening is increased, thesteam-line will be improved 
and it will be carried further along, for the admission of 
steam ceases at a later period ■ finally, the opening to the 
condenser taking place about the middle of the slide's 
stroke, it will be unaflfected by the alteration. The same 
reasoning wiU show that the vacimm-liue is also improved. 
This explanation is exemplified in the ^following figure, 




which consists of two diagrams, the outer one being that 
in which the gab-lever had been shortened, and the innec 
one was obtained by lengthening the gab-lever. A similar 
alteration wiU take place in the bottom diagram. The 
figure in the next page represents three top and three 
bottom diagrams. The middle one of each represents the 
normal diagram ; the two outside ones those which were 
taken after the gab-lever had bee^ shortened ; and the two 
inner ones those taken after the g^b-lever had been leilgth* 
ened. It will be seen by this figure, that if any advantage, 
be gained in the top diagram by altering the length of the 
gab-lev^, the same advantage will be gained in the bottom 
di^afD* If there£>re it be feund that the steam be wire-^ 



STEAINSUra : mOQtjOW. 



25 



diaim at both poite and there be tod littlef I^, bdth dia^ 
gniQ9 will be imprOTed by shcirtening the gab-lever. 




To explain why the accompanying diagram has a different 
outline from the standard diagram in p. 15. 

We observe^ in the first place, that the steam-line, \fj^ 




is shorter thaiji in p* 15, while the eiJiaust Hne, LMy is 
longer than in the latter; we infer, therefore, that the 
fiteaoi hfid a shorter time to tonie into the cyHnder, and a 
longer time to make its escape. Wis obserye, likewise, 
that the engine had. no^e a considerable portion of its 
dojnrnw^ stroke before, firediateam was admitted.* Now 



* We see in the upper lefi-hasid corner of tkis dUgriun th« ]i|otio^ 
Ibarlced 5 in p. 15, which does not sppear in the* normal diagram. 
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ih^ee pbenoiifeiift €&ii be expldsziiedt bjr wtppmSoig^ feeA 
8ome eaufle the slide td be refaoved bodily beld^^. jQie pim^ 
it had when the former diagram was traced. For let qb 
refer to the series of representations of the slide before 
noticed. Thns the point I shows us the steam comes in 
later in this diagram than in the former; and the valve is 
rising; consequently its lower edge will be at some point 
lower than it would be in ordinary circumstances. Again, 
the point K of the diagram indicates to us that the steam 
is cut off again sooner; but the slide is descending; and 
therefore, also, the lower edge is lower than it ought to be. 
Again, N being too &r from the end of the stroke, we see 
that the exhaust takes place too early; in other words, ^ 
upper edge of the slide is too low. And lastly, the point 
L (where the cushioning commences) being carried too fer 
te the left, shows us that too great an interval elapses be« 
fore the upper edge of the slide reaches the upp^ edge of 
the port. And, consequently, every part of the reasoning 
proves to us the &ct, that the slide is lower than should 
have been Gxe case* Now, in pursuing our inquiries, we 
shall find this is caused by one of two defects, viz. : either 
the slide-^od is too hng^ or the eccentric^od is not of the 
proper length. But in seeking for the remedy, we must 
look to the sUde rod alone^ because its length can be more 
easily adjusted than the eccentric-rod, by means of the 
nuts and sore# by: wfaieh it ig^&stened tty the crbss-^headi 
The datangemecit of the* engine, when ike aceompanyin^ 
iiUgmm was taken, was obtained by lemgthenil^ the sUde^ 
r^three-eightiiBof m ind^^ The projection ftt^he poih^ 
OrMcittBS to be nirtioed^ altfiougb ii #ould not' appeKr^ 
tsc^ttn exaggemted' eases, «u€h as ^e ofie before 'teV 
It wiU be seen that the cushioning takes place from L ta 
Oi and consequently the pencil rises, because the steaq^ 
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jui OQCB^reaM^; b«lt Iske ftesh 8tei^;4oe8 not }kA eiUnr^ 
and therefore, as the piston ,4e8eeiicbif^ii9 staam, tfll arar 
compressed, loses its elastic force, and the pencil drops ; 
till at a fresh supply enters, and the pencil starts up from 
o%o J, taking a motion compounded of the motion of the 
piston and the pressure of the steaip; for it is to bo notioed 
^t. the line ol bends sensibly to the right; this axiisns 
fymk the increasing velocity of the piston, and is not db^ 
ferr^ble in the standard diagram, except near the tcq[», he^ 
$P(i|Efe tl^e piston is sdl but stati<mary during the short time 
the steam is entering. ; 

The slide diagram also affords great facilities in dis- 
covering disarrangements of those parts of the engine whose 
office it is to permit the entrance and egress of the steam, 
because since at those particular times the motion of the 
piston is so slow, nothing definite can be ascertained. The 
accompanying diagram was taken while the slide was too 
low in the casing, on account of the lengthening of the rod. 
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Ifovr .since JDCis <&e amount by whidi the port is opened 
|b^ steam^ we should expect liiis to be smafer than in the 
^unieKrd slide diagram, p. 22, and on comparing tbem W4f. 
$nd thii to be the case^ A]6othet;iaoeijBil,orthea]iimmt 
^f travel <^ the slide befost tke oommimicatioa with Hm 



B8 tnriUKt^x^MC 

ccmldenier 18 mt t^ id grater tkian in Ihe standard fi^re. 
ia «U ^ases JBC will be ooiistent 

Top and bottom diagrums wUh the sUde-rod Isnffthened^ ^ 

If both diagrams axe taketi on the same card, tlie Ad^ 
bonipmying figure wili teptesent ea6h. The left hftnd bti 
will give the steam and vacuum lines on the uppet side of 
tiie i^istoni and flie tight-hand one the same on the -lower 
sideqf the pfeton; and it will be observed that the fornieii 
is dcmtracted above and spread out at the lower part, while 
the opposite effects take place in the other. ' 




To find the nature of the curve, if the slide-rod be shortened. 

The opposite *effect8 to those mentioned in p. 26 will 
take place ; that is to say, the upper portion of the dia- 
gram will be spread out, and the lower part contracted. 
The effect is shown in liie diagram in next page, to obtain 
which the slide-rod was shortened three-eighths of an inch. 

Note. If the »Abfe slidie be of the proper length, it i^ 
dear that when we get a fiuilty diagram, similar to that iii 
p. 25, takai from above the piston, the one taken from 
beneath it will be similar to the annexed figure, and tice 
ver^ Henoe, ^ev^ve, we see one advantage of taMn^ 
both a top and bottom diagram. But if the one diagram 
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^ WAibr to <me of thoie jiitt exhibited, snd thd other bfe 
jBatb&ctory> the fault lies with the i^de itself^ and oaimot 




be remedied except by the engine-makers ; for the slide-- 
faces are not permitted to be cut away or added to with- 
out the sanction of those who are responsible for the ship. 
The only plan the engineer can adopt is, to di ide the 
fault as equally as he can between the upper and lowe^ 
.parts, by lengthening or shortening the rod, according to 
circumstances. * Moreover, we perceive an engineer should 
not be satisfied that he has done all, when he has obtained 
a good diagram from one end of the cylinder ; because, if 
the feult lie witlx the slide, he will be improving one to the 
injury of the other. 

The slide diagram which is given below shows very 




clearly that the slide had been raised above the podtioa^ 
it had when the diagram in p» 22 was desQitJbed. For 
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D Oipt tiie amount of opeaiiig for steam) is here inereaseil^ 
ud ^ JB is diminbhed ;SC remainiAg oonstaat as before* 
Comparing the form of this diagram likewise mth that in 
p. 27, we see they are very dissimilar, especially in that 
part of the lower curve lying between £ and C. The 
steam-piston evidently comes to the top of its stroke about 
half-way between B and C, and in the diagram, p. 27, it is 
observable by the downward course of the curve that fresh 
steam is not admitted till the piston has descended some 
small space. But this peculiarity is not to be seen in the 
above figure, because the cushioning and lead are blended 
together. 

Top and bottom diagrams with the slide-rod shortened. 

In this diagram the lefl-hand figure is spread out on 
the steam-line and contracted in the vacuum-line, while 
the opposite effects take place in the other. 




The effectm the diagram^ if the stop on the eccentric he too 
far advanced. 

All the motions of the slide, whether up or down, take 
place sooner than ordinary : that is to say, the cushioning, 
the introduction of fresh steam, the cutting off, and the 
6xbaust, all commence sooner. The curve, therefore, in- 
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assume somewhat of a lozenge-shape, the upper left mH 
lower right comers being acute-angled, and the otjujcr 




two obtuse, as in the above diagram. Affain, a littl^ 
teflectiori will enable us tp discover that wmiTar defects 
Win be exhibited in the lower diagram under these cir- 
curiistances, and not opposite defects, as was the case when 
the slide or eccentric-rod was ^^t fault. / . 

Obs. This curve was obtained by inserting a piece of. 
iron, half an inch thick, between the stop on the eccentric 
and that on the shaft. 

Tap and bottom diagrams with the eccentric stop advanced. 
Since similar effects take place here under these circum- 




fnmi 






Stances, the two curves will be similar and &cing each 
3 



rot^X) imd wiiSl be repre^enl^ >; life £ixtg;caAg( 
gram* 



To ascertain, by inspecting the diagram, if the stop on the 
shaft he not sufficiently advanced. 

If the stop be not sufficiently advanced, all the motions 
of the slide will be later than they would be in a well- 
constructed engine ; consequently, all the upper part of the 
curve will be drawn towards the right, and all the lower 
part to the left. And, as in the former case, the same dis- 
tortion will be observable if a diagram be tak^n fsom th^ 
lower jwfft of the cylinder. Morever, if the defect be 
great, we shall meet with the hump in the lower left-hand 
comer, similar to that before noticed. The following dia- 
gram was taken after removing back the stop on the shaft 
seven-sixteenths of an inch.* 




Top and bottom diagrams with stop of eccentric put back. 
From what has been previously stated, the reader will 



* The stop of one engine may be put back with advantage if the other 
engine be disabled ; for by 80 doing it wiU be assisted in taming iU oen- 
trei, from the steam being carried farther over the diagram. 
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see that the aooompanying diagram will catrecdy i^tetent 
this 




Slide diagrams with eccentric stop wronglj/ placed. 

The two following curves represent respectively the slide 
diagrams taken when the stop was advanced and put back 




respectively; and the spaces AB^ BC, CD, in each of 
these are the same as in the standard figure, p. 22, the 
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6nly di^rence being in the/orwof theprarves arising from 
the altered position of the piston relatively to the .slide. ^ 

TTie nature of iheWagram when the portways of the cylin- 
der or the steam-pipe are too small for the size of the 
- cylinder and the speed of the piston. 

, Since the steam will not be able td enter or escape so 
freely as it ought, the pressure at first entrance will not 
be maintained for any length of time, and the vacuum will 
not be formed rapidly enough; the steam and vacuum lines 
will therdFore lose their horizontality ; as is readily per- 
ceived in the diagram here given, which was taken from 




one of our large engines, afterwards improved by shorten- 
ing the gab-lever * 

Diagram obtained when the steam is throttled. 

The upper Hue will rapidly decline, for the same reason 
that it would if the steam-pipe or the port were too small; 
and it will not be so high altogether as in ordinary cases. 
The vacuum "line, however, will be better than it would 

* Tlie. r^ade^ wlH o)>s0rTe that this cLiagram diff&rs from tha preceding top 
diagran^s bj being tamed eod for end ; but this depends on ihe way in ^^oh 
the string ii led to the engine, and need not be noticed. 
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otherwise be ; for since the qiumtity of steam admitted is 
not so great, the speed of the piston will be reduced. But 
the exhaust-port is of the same size whether the steam be 
throttled or not ; and therefore there is more time for the 
expanded steam to rush through this orifice into the con- 
denser; and consequently the vacuum-pressure in the con- 
denser and in the cylinder will be more nearly equal, and 
better in both, than when the £ull power is set on. 

Note. When the pressure declines throughout the 
stroke of the engine, as it does in the foregoing diagram, 
on account of the contraction of the admitting orifice, the 
steam is said to be " wire-drawn." 

The accompanying diagram represents three diagrams 
taken from the Bee^s engine, the steam being throttled'to 
various degrees. 




On the form of the diagram when the eocpansive gear alone 

is used. 
Let AB represent the whole length of the cylinder; and 
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^hen the piston has trarersed the space AC^ let t|ie in- 
gress of the steam be suddenly stopped* Then, from this 
epochs the steam-pressure will decrease, and the pendl be- 
gin to descend. Now if the temperature of the steam be 
unaltered) the pressure will vary inversely as the space it 
Qccupi^ Divide, therefore, the space CB into intervals 
CF, JPG, etc., each equal to AC; and therefore when the 
piston is at -F, the space AF being twice AC^ the pressure 
of the steam at F is half that at C; at G it will be one- 
third; at If one-fourth, etc. ; and if lines be drawn through 
(7, JP, G, etc., parallel to -4D, and of the length we have 
just indicated, making CE=AD^ jFX=half -4D, etc., and 
through the upper extremities of these lines a free curve 
LMN^ etc., be traced, it will give us an idea of what we 
ought to expect. But since the slide-valve also acts, we 




shall have the modification this would produce too; for 
the slide-valve is placed between the expansive-valve and 
the cylinder; it follows, therefore, that the effective volume 
of the steam intercepted by the expansion-valve is the 
whole of the space between it and the piston, and the 
slide-valve interposes an additional barrier when it begins 
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to. cat off the Bteam.* Hie tfm^ thexefom/ia sotnewlttU 
similar ta what it would be if there wete. two expiatio&«i 
Tolres^ oiie nearer to the cylztider than <2ie otheKi andthe 
o^r dne acting first This figure exhibits a seriss ot 
diagrams representing various grades of expansion: h^e 
gires the full power of die eteam without using the e:sn 
pansion gear ; 1, that produced by the first grade of e^-r 
pension; 2, that produced by the second grade ; and so on* 
It is. worthy of remark, that the diagram marked 0^ which 
ia that resulting from the slide-yalve, closely assimilates to 
that marked 1, produced by the first grade of expaidion^ 
As it should do in well-constructed engines. 

" Top and bottom diagrams when working eocpansively. 

The two curves will face each other, as in the former 
cases, and will be represented by the accompanying dia- 
gram where the highest grade of expansion is used. 




The above expansion-diagrams, taken from above and 
below the piston when working on a high grade of expan- 
sion, serve to show the amount of disturbance in the 



* Bzoept in enginee fitted -with Seaward's slides. 
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steam^^Ilfie cif the two dii^fvams 'which is due!fa)'Hie^'cibli>« 
qukjr of the cdmueoting^rod ;• add* they' ante e£ gsett tabm 
in that respect, becaoae they'Bhoir.^iidiaft oMr i»>4Ae to 
that eafose alone;: whereas in &e.diagxams^eah]hited in |i{^> 
16^ 11, and explained inp.45,the ^ect is doe partly to the 
connecting-^rod and partly to the same canse acting tibrou^ 
the eccentfic-iod; Now, in the case of expanare working, 
the action ;of the eccentric^rod is supei^eded by a cam, 
which shiits the expansion-valve at a obtain period of the 
rotation, both in the. up and down iitroke; or, in other 
words, th'e Valve will (dose when the oraiik noiakes thef 
same angle with due vertical line, both in the up and 
down stroke ; and since, by inspecting the above diagrams, 
we seSB &.at a greater portion of the stroke has been per- 
formed in the one case than in the other, this shows most 
coi^vincingly the influence which the obliquity of the cbn- 
nectihg-rod exerts in disturbing the diagram. / / ^ 

To show the advantage of expansive working over throttUng. 

The advantage gained will depend on the quantity of 
steam required to produce a given effect, or on the effect 
produced by a given quantity of steam. Let us, there- 
fore, consider each of these cases separately; and first, 
taking the effect to be the same, let us compare the quan- 
tities of steam. Now the effect will be the same if the 
number of revolutions be the same. Let, then, in the first 
place, a diagram, such as ABCDj be taken when using 
the expansion cam ; and let the number of revolutions be 
counted, which in this instance was 24. Then, instead 
of using the expansion gear, let the throttle- valve be 
partially closed till the number of revolutions be the same 
as before, viz., 24; then take a diagram such as EFGD. 
Now we remark that the quantity of steam used during 
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QMh: 8tio]o& rimf be estimate by the lieights of thib carves 
at 4^ points C' and 6^, whiere die ediiction %ske» |dace; 
bei^Due* these iieigiite exhibit the ftfi^l pressure, and con- 
seqttentljr will give us some idea of the amount. There- 
fete, be^ufi^ the diagrams show tiiBJt the engine consuihes 




a cylinderful of steam of greater pressure when the steam 
is throttled than when working expansively, it must have 
coQiSU0ted a greater quantity ; and since the number of: 
revolutions of tl^e engine is the same as before, it follows 
that the work done is the same. We come, therefore, to 
the conclusion, that, in order to do the same work, an 
engine will require less steam when working expansively 
than when using the throttle- valve. 

Next, after the expansion diagram has been taken, let 
the thrpttle-valve be partially and gradually closed, till the 
points C and O (of the former diagram) coincide, as in 
the following curves.* Then the final pressure of steam, 
and therefore the quantity expended for each stroke of the 



* Some oare will be requisite to effect this. The readiest plan is to cat to 
A-point tlie end of the pencil which does net contain lead, and having in- 
ser^d it in the instrument, trace but with it a blind curve on the paper, and 
when we see this curve coincide with the other, we maj change ends with 
th^ pencil, and trace out the throttle curve. 
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engine, will be tibje wAe: but it was fouoA: aot mMmg^ 
the trial that the ntunber of revohitions with the exi^'^t 
don curve being 24, the niimber was (Ally 19*6 when ^! 
other curve was traced. Now, although it may be an^poed^ 
that the number of revolutions being different the qusintity: 




of steam used in a given time will not be the same, yet as 
there is such an excess of preponderance in the revolutions • 
when working expansively, we may safely conclude that,' 
if the same amount of steam in a given time, had been used, 
the revolutions, and therefore the work done, by expan- 
sion would have exceeded that done by throttling. 



The general outline of the diagram may appear satisfactory 
notwithstanding the engine is not in good working order. 

This may happen, because in the hands of an inexpe- 
rienced person the Indicator may trace an unfaithful re- . 
presentation of the condition of the engine. When the 
piston is near one end of its stroke, if an undue strain be 
brought on the string, it will stretch, and the Indicator- 
barrel remaining stationary while the steam is entering 
the pencil will have a vertical ascending motion, such as is ; 
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represettted in tfie figure. On the other hand, if the barrel 
eome bapk against its stop before the opposite stroke is 




accomplished, the pencil will fell vertically, as in the next 
figure. These two figures ought to have been precisely 




similar, the only cause of difference being the accident of 
the string. 

On the series of steps in the upper right-hand comer of the 
accompmiying diagram. 
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These atrise from the piston of the Indicator being 
packed over-tight, on wludi account it descends by ai series 
of jerks, as the steam-pressure relaxes. 

To explain why^ in certain cases, the steam-line (when the 
expansitm gear is used) does not descend so rapidly as in, 
the theoretical curve traced in p. 35. 

tliis will be the case whenever the expansion-valve is 
leaky, as it was when the accompanying diagram was taken. 




As, for instance, in all cases where the common throttle- 
valve is used for an expansion-valve. 



To ascertain the horse-power of an enghie by means of the 

Indicator. 

This is the only accurate way of ascertaining the power 
of an engine ; because, as may be seen, the diagram gives 
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the pressure on the piston ; and hence, knowing the num- 
ber of revolutions and the length of stroke, the laboring 
ibrce can be ascertained. The mean pres«tire on the piston 
is obtained as follows: Divide the diagram by a serieis of 
equidistant vertical lines, as in the figure* (th6 closer th^ 
better, where great accuracy is required), and, taking the 
horizontal line marked as the origin, draw a series of 
other lines parallel to it at distances equal to the intervals 
corresponding to the scale of pounds on the Indicator. 
This being accomplished, if our object be only to form an 
estimate of the gross power, observe in the middle of each 
Vertical space the number of pounds included between 
the steam and vacuum lines to tenths;" which will be best 
done by taking the distance with a pair of compasses, and 
setting it off on the scale of pounds. Write thede in their 

* Since it is a difficnlt geometrioal operation to diyide a line into a great 
anmber of equal parts with any thing like aconracjr, the following method 
may he useful in expediting this part of the work, by means of a scale. 
The scale consists of a line, sueh as AN, somewhat longer than the line 
ABy which is to be divided. Let this scale be diyided into the requisite 




number of equal parts, as in the figure. Fix one end at A, and turn i|t 
•round that i>oint till the other extremity N coincides with the line NB^ 
drawn through B at right angles to AB, Then through the sereral points 
of division of ^^ draw lines, parallel to JVB, cutting AB in the points of, 
b;c, d; whioh will be the points of division required. To those who are 
frequently in the habit of computing the horse-power of ez^ines from the 
diagrams, this method will be found very advantageous. 
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prapex oolusmi, as in the figure, along the diagram, and 
add diem together Then divide the gross result by the 
number of colunms^ and we obtain the gross average pres- 
sure on the one side of the piston during the up and down 
stroke. From this it is usual to deduct from 1 lb. to 1*5 lbs,, 
according to the size of die engine, for friction ; for small 
engines have more friction in proportion than largar 
ones ; then the result is taken as the effective pressure per 
square inch, acting uni/ormfy during one whole revolution. 
Take now the diameter of the cylinder in indies, and 
square it; then multiply the product by -7854, the result' 
is the number of square inches in the surface of the piston. 
Multiply this again by the pressure per square inch, as 
got from the Indicator, for the whole pressure in pounds 
on the surface of the piston. And if this be multiplied 
by the length of a double stroke, and finally by the num- 
ber of revolutions, we shall obtain the work done by the 
engine. It is usual to divide this quantity by 33,000 (sup- 
posing this to be the number of pounds a horse would be 
able to raise one foot a minute); and the quotient is then 
called the horse-power of the engine. If there be two 
engines, as is usually the case in steamers, this quantity 
must be doubled, (See note, p. 46.) 

Where accuracy is required^ a diagram should he taken 
from the tap and bottom of the cylinder. 

The diagram taken from the top of the cylinder shows 
only the pressure and vacuum on the upper side of the 
piston, and therefore cannot indicate what is going on be- 
low the piston. If our object be merely to calculate 
approximately the horse-power of the engine, and it be in 
tolerably good working condition, it is not of much con- 
sequence whether the diagram be taken from above or be- 
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low^; but if iStke hotse^-power h t^qxAxeAfnAi any grekt 
accuracy, the mean reside obtained from the top and bat* 
term diagrams must be used. If the aetnal state of the 
'etigiae be required, it h necessary to examine into what 
is passing both above and below the piston, because the 
errors in one part may have no connection with the errors in 
^wiother. This will be the case if the slide is too long or 
too short; in which case the upper port may be properly 
covered, and the lower one not so ; or the upper slide«&ce 
may be steam-tight, and the lower one leaky : but if the 
Indicator be applied to top and bottom, it will detect aH 



Non. Ex. In fhe preoedhig diagram, l«t the tfbimber of rerolittiottfl be 8S, 
and therefore tbe number of single stroke* 7fi. 

Then, since diameter of steam-cylinder — 20 inches, 
••• niam.*">400 
.7864 



Area « 314*2000 sq. inches. (See table at end of this work.) 
Bat pressure of steam by diagram « 15*061bs. (with old boiler.) 
Dednction for friction « 1*50 



, Effective pressure per inch ^ 13*5^ 

Square Inch in piston » 314*2 

2710 
^ 6420 

1365 

4066 . 



Pressure in lbs. on pistdn «• 4267*410 
Length of double stroke ^ 4 * 

17029-64^ 
No. of rcTolutions «- 38 

136?37ia, 
6108892 ; 

83!000}647|126*32 

19} horse-power. 
The horse-power is now nearly double this amount, because the eraporf- 
tire power of the boiler has been increased. 
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these inaccaracibs^ and prevent oi;r attempfSlig tb improve 
4^e workipg of one side to th^ detriment of the otfier^ It 
ongbt to be remaiked here, that in direct-aotioix engines 
the diagram from below the piston is generally superior 
to the other. First, because, since the steam has mpr^ 
work to accomphsh, the piston does not ran away ftom the 
steam so readily, and in consequence the steam-pressure 
is better maintained; and there is generally a little more 
lead to the shde, to allow a freer ingress to the steam. 

There is also another reason why the one diagram is 
frequently better than the other. If the reader will in- 
spect the various top and bottom diagrams previously 
given, he will perceive that the former is always superior 
to the latter. It is invariably the case with the side-lever 
engines, or engines in which the mo- 
tion is transmitted to the crank in an 
indirect : manner; as, for instance, 
Maudslay and Field's or Eavenhill and 
Salkeld's, return-rod engines. But 
with direct-acting engines the opposite 
to this takes place ; for with these the 
bottom diagram is superior to the top. 
We will first explain the cause of this 
difference in the case of direct-acting 
engines. To make the case simpler, 
let us suppose the lap to be fitted on 
the steam side of the slides, so as to 
cut of the steam when the crank has 
gone through 90° from the top and 
bottom centres respectively. Put the 
piston.-4J5 at half-stroke; CD being a 
section of the cylinder: and let OJE, 
EFhe the corresponding positions of the crank and com- 
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aectii^r-rod ; ilm cnmk making necessarily a small acute 
angle, EOG^ below OG: md consequently the steam will 
not, by our supposition, be cut off till the crank has gone 
' throuJB[h the angle OBO^ or until the piston has risen into 
some position HK above the middle of the stroke ; the dis- 
tance DX", therefore, will be performed by full steam, dnd 
the remaining distance KP by expansive steatn, : And 
therefore the diagram for the up-stroke will be fairly 
represented by a figure such as MNIPD. Similarly, in 
the down-stroke the diagram will be represented by 
CHRM; and therefore in the case we have supposed, viz., 
when the steam is cut off after 90° have been performed, 
the bottom diagram is better than the top. But this sup- 
position was only made to render the explanation more 
simple; for the same thing will happen if the steam be cut 
off after any other angle has been performed. The same* 
thing may be represented as follows: Let. 05, OJB' be the. 
crank in two positions, making the same 
angle 5 0-4, 5' OC with the vertical. Let 
also BC B'C be the connecting-rod in 
its two corresponding positions of the 
connecting-rod with centres OCC ; de* 
scribe the arcs AB, B'C, BE, B'E\ 
Then it will be fonnd in all cases that 
the distance CD through which the con- 
necting-rod has descended — j4-E(the dif- 
ference of the versines of the arcs AB 
B.RdBE); but that CJ", thcspace through 
which the point Q has been raised,=£'C 
(the snm of the versines of the arcs B^^ 
atxd^'C). 

. Moreover, it is cliear tkat in side-lever aiad return-rod 
engiaes we mwt reverse the conclaijiions to which we have 
i 
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here atrived^ becaose as the ciaak is deseending, the pistoii 
is sising instead of Ming with the crank. 

A diagram representing the relative motions of the slide and 
fiston at evety pari of the stroke. 

If we shut off all ingress of steam to the Indicator by 
means of the stop-cock m (see Plate), and connect the 
piston of this instrument with any of the moving parts of 
the engine, it will give a representation of the motion of 
that part. Let, therefore, the Indicator-piston be con- 
nected, by means of iair-leaders, or otherwise, with the 
sUde; all vertical ascending motions of the pencil will 
represent the motions of the slide (being upwards or down- 
wards, according to circumstances). Again, let the Indi^ 
cator-barrel be connected by means of its pulley D with 
the cross-head of the engine, as in all ordinary cases. It 
will hence follow, that horizontal motions of the peticil 
will represent tlie motions of the steam-piston; and con- 
sequently, the curve traced out will represent the relative 
motions of the slid^ and piston. The figure will be of an 
elliptical appearance, as in the accompanying tracing, 




which is one of these curves on a reduced scale: the pencil 
b^ing 9uppoi^d;to move in the direction of the arrows. 
The chi^f information to be gained from this curve is d»- 
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med froHn the meaxu it give« us of ascertaining at what 
portion of the stroke the steam is cut off. For that pur* 
Ik)se, let the engine be brought to rest, when on its upper 
centre, and make a mark (as at A) where the pencil is 
stationary ; abS s^n, mak^ a mark i(as at B) where the 
pencil remains when the en^ne is on the bottom centre. 
Through A and JB draw horizontal lines, AC^ BD^ the 
whole length of the figuare. Then -rlC representing the 
down-stroke, Ac will give us that j?arf of the down-stroke 
performed before the steam is cut off; and, similarly, Bd 
will represent the same portion of the up-stroke. This is 
evident, because neglecting the lead of the slide, and sup- 
posing it tp be correctly sej;, it begins to open at A and 
closes at jb, opens again at B and closes at d. 

2b findy (efaratelyy the vahie to he given to the steam and 
vacuum pressures. 

To obtain this, we must get the actual pressure, and not 
the difference of pressure between the steam and vacuum 
lines. And therefore we might measure the height of the 
spaces above the atmospheric line, and the depth of the 
vacuum below it. But, in regard to the steam-line, a dif- 
ficulty has to be surmounted which would not eadly be 
got over by practical men unaccustomed to analytical in- 
vestigations. It is this: that part of the steam-line is 
usually above the atmospheric line, and part below it; 
and the result of the one must be subtracted from the 
results of the other. This is more particularly to be 
iioticed in cases where the engine is working expansively, 
«nd a great portion of the steam line is in consequence 
below ^e atmospheric line. The following suggestion 
will, however, get over the difficulty: and consider the 
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atmospheric line, as in the following figure, to be .15 Iba. 
(which is its actual pressure), and reckoning downwards^ 
call the lines below it 14, 13, etc., till we come'ta3, 2, 1, 



O D S 



fllfl M^M^ ^ B'^ 









hBSSSSBSSS^SSSSSSSSSS e ia 



r- 



.- =--■-« ^ ?. T ?*a»«= - ^ v" [212 

■S . ■ : 

: the line marked we will assume as that line froni 
which the pressures are measured, and both the steam and 
vacuum line will be above this new zero liaej and thb 
actual pressure of each will, by tiiese means, be ascertained, 
and not the relative pressure, as compared with that of 
the atmosphere. In the preceding diagram this second 
method of computation has been performed ; the numbers 
on the left-hand side beginning from the absolute zero, and 
the figures along the top and bottom of the curve giving 
the steam and vacuum pressures respectively. The meap 
of the steam-pressure is 18*85 lbs., and of the vacuum 3*8 lbs. 
The difference is 15*05, as we obtained before. 



To estimate the work done in a single stroke of the engine. 

' Let us suppose the piston to be descending ; then the 
steam-pressure acts above the piston, and the vacuum- 
pressure below the piston ; that is to say, the steam^pres* 
sure must be got from the top diagram, and the Vacuum^ 
pressure from the bottom diagram ; and we must, there^ 
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fijre, moke tiae of the iaeUkdA !pmpased in t^ answer to 
Ibe la9t vq^testion* Thxm^ to ohtaiQ the mean pressnte 
during the down-^stroke, take the steam-pressure from, the 
top diajgram, and the facuum-pressure from the bottom 
diagram, and subtract the latter from the former. Again^ 
to obtain the . pressure during the up-stroke, take the 
t^acimm-pressure obtained from the top diagram, from the 
^^aan*pressure got from the bottom diagram. This is the 
only correct method of arriving at the work done during 
the down and up strokes respectively. 

Method of employing the Indicator for ascertaining the 
quantity of water evaporated by a boiler. 

Fix on any oonv^ient i»rt of &e steam*line betweeA 
that point whare the steam, is out off and the opemng ii 
toade to the condenser ; that is to say, between the' points 
C and D of the dtagmm, p. 15, Obserre, by <coimttiig th^ 
tertioal spaces, what proportion the poitkm of the stroke^ 
as &,r as this point, bears to the whole length of llie stroke; 
Notice also the pressure of the steam at this point. Then 
we shall have a certain fraction of the cylinder filled at 
each stroke with steam of a given pressure. If now the 
cubic contents of the cylinder be determined, and the 
number of times the cylinder is filled per minute, we shall 
have the quantity of steam of known pressure supplied to 
the engine per minute. Thus suppose that in the Bee ^ 
of the cylinder were filled with steam of 16 lbs* pressure ; 
then, since the number of c^I|k^ inches in the cylindn 
twice filled is 15079*6, the number of revolutions being 
34 at the time of e^cperiment, the whole number of inchei 
in a minute = 512526-4, A x 512526-4 = 461273-76, and 
the number of cubic inches of atmospheric steam in an 
hour ==55 461273*76 x 60 =276764?5-60. But each inch of. 



watet istcqppbsedtO'fKrm 1711 cubic nlclie8<tf stekiti at the 

atmofpheiic |ires8ilre,Jdid th^rdiife the mitiAer of ctihic 

.. ^ • , 276764«5^ 

inchea of water evaporated =?= ji^jj — = 16176 ; and the 

, . « ^ . 16176 

number of gallons of water evaporated = ^n ' ~ ^ ne^irlj; 

Now, if the theory be correct, this should be the qvmn- 
tity of water evaporated from the boiler, due allowanoe be^ 
is^ made lor coiidensation, ete„ in the steam^pipe and 
passages. But this is &r from being the case, jfor the 
number of gallons actually evaporated by the boiler was 
ascertained to be 108 gallons in the hour. The reason for 
this appears evident. From the violence of the ebullition, 
tiie stedm is in att likeUhood not so dry as tiurt on which 
O^rdbl experiments are made, ai is frequamy made manl^ 
imt ifi the botfers .that ^ prima;" ao^ ^txa^ tven in good 
iMilegrs, W9 may. oonelade thitt the steani Motfuns much 
l»ore watery vapor, than it would if it wwe not.so mpidly 
mbsumed. If bo, an indh of water would npt 4snder these 
Qircumstaxtees&cm 1711 eufaie indtiesof steam under the 
atmospheric pressure, and might perhs^ form only one^ 
h^ that quantity, whkh wpald'be requisite to give the 
pix^per number of gallons of evaporated water. 

yo a^ertain the friction, of ^eamrengiiM when, working 
^ without .0nit lo^d. 

If we examine the eflEect of any machine at work, how- 
frer rimple, we shali find a certain antount of power is 
requisite to oveifcomfe the friction of the engine itself! 
Divest, for example, a common crane of its chain, or any 
load that may be upon it, and it will still be feund tiiat 
myme force mtjti^t be applied to give motion to the gearmg 
alone; the amount' of force depending on the mateHab 
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Vied^ tlie mode.df dfattm^, nctliie qidaiititgr of: gtiur iet m 
ou^oiL. .Soitiiirith:tii0Steito'«elig^ Abextaiiiaradtuitf 
Qf power is leqmmd to'cmTeome the fnction of aU itk 
parte; and in tiiis i^espect no two engines will be toxaA 
alilM, io mikh depending on the goodness of the work* 
mansfaip, and the nice adjnstment of the different parts. 

. Before pb>deeding with thr isethod of ascertaunng. thef 
friction of an Engine fajr the indicator, we woidd obaeire^ 
tibat the greatest oare and judgment are reqiidsite in oarr)r« 
lug out thia eicperiment; let no one attempt it luiless hfr 
s^ his way dead:}'; and ther^ «tfe many daisies of ^iginesr 
in whidi die experiment oi%ht not to be tried, siitii ii 
direct acting paddie-^ngines ; indeed, in all nnbalanced 
engiiii»*it woold be: attended n^xthseariona ride, by givingp 
the englae enoiig^ steam to work it without ite load. 
Bttt it may be carried out AtisfactGdly and sa&Iy in horiw 
asontal engines, becanse thdit weights^ arid resistraces artt 
balanced. The way, however, to proceed is this: the 
€ammummtiofM)alve mnst first be closed, because the 
engine reijaires an exceedingly small quantity of steam to 
work it when the paddle*-wheels are disengaged. Then 
let the blow-vahre be opened, to allow any steam that may 
happen to be in the steam-pipe to escape. The more the 
vacuum is vitiated before commencing the experiment, 
the safer jit will be; for there is less liability of injury to 
the engine when first set in motion. With the engines of 
H.M,S. Bee, it is found necessary to destroy the vacuum, 
before getting. the diagram, by opening, the hbw-valve, to. 
prevent the engine flying off at too great speed. The throt-« 
tie-valve must be closed, and the paddles disconnected. After 
slightly openmg the oommumcation and throttle-valvea,* 
the slide may he opened gradually and cautiously, to admit 
the steam to this piston, and the injection must be let pn. 
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aft dcwefiiBy » fMftibiq; WbdK ^ migme a ft w itroises 
by hand, am} tiito let it be tlxiown ttito fear, and rqcfukte 
tbe working by the throttle' and tximintpaication*i^Ted; 
t*he object being to give the engii^ the same number of 
revolntifMU without the pacUies as it usually has with; 
them ; taking caie to have the eondenses (tf the same tem^ 
peratuie as in the ordidary working state of the engiiue.* 
The Indicator having been previously jSxed and adjustedv 
let a diagram b|e tak^i: it will be widely different from 
tiiat when the load is on. Botib the steam-line and 
vaeuum-Iine mil be mudi bek>w the atmespherie Une*^ 
The diie^iam may t^en be taken off, and divided as in the 
fbnner case; . Let the result of this diagram be worked off 
in the same mann^ as the common diagram, and the 
amount is the work the steam has perfbm^, or in other 
words,^&e ftietion of the unloaded engine. This has been 
aoDomplished in the mbjoui^ diagram* 




sH 



* We would strongly advise the insertion of the bulb of a thermometer 
in thB condenser of every engine, in addition to the barometer-gauge, the 
bttlb must be entirely within the condenser, and the scale (at least that |kart 
ojf it which is above 60O or 60O) outside, in the engine-room. The thermom- 
eter chosen for the purpose must be graduated higher than the tempera- 
ture of the steamin the boiUr, otherwise if will burst when the engine U 
lAoyrn through. It must be placed on some part acted on freely by thei 
steam, but free from the splash of the injection- water. When the engine is 
ftee ttott Ait it will then serve as a most delicate teat of the vacuum. The 
temperature preserved should be about lOQO. 
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This is iriuil k ctenmdidy siibtneted fkltn the gfow 
sesidt obtmned ii&der wdiiMrjr ehoiimstftinM, and dettoin^ 
Inated frictioa; bul it it nuouftst Ifait it is mudi lesi 
tfafta tlM actial frictian cf the engine wlMn tuniing tiM 
whedfl; frr the fiactionof eveiyinaehine iiicteaies with iti 
lottd ; Biid» moreovaer, die ii^eotioii water, etc*, raised by the 
air-pump, increases likewise, and all this goes under the 
head of Mctioa. The fnotton of large engines is less in 
praportion than that of smalfer ones. In large engines itia 
usual to allow^l Ih. on die square inch of tile piston lot 
fidetion, and in small engines fixim' 1*5 to 2 lbs. ; and in 
most cases it would he better, except as a matter of ex* 
perim^it, to trust to tibis than to.attempt the diftculty of 
asoertaiiiiBg it 

The diagram does not necessarify return uUa U$elf, mid 
form a doeed figfu/fe. 

This only happens because the Indicator^banel contains 
the spripg which, as has been stated, draws back the barrel 
directly the strix^ relaaces. But we cim by a different 
arrangement produce a figure of some Tsdue, in which the 
eurve proceeds continnouriy in one dii^ction, and which; 
therefore, we shall call the *^ continuonis diagram.'' Let 
the spring, fitted to the traversing cylinder for bringing il 
back, be taken out, and also the stop that prevents the 6yU 
inder from going too far ; because our object is to let the 
barrel revolve freely. The clasp, by which the paper is 
usually secured, must also be taken off, and the paper must 
be secmied by turning it over the top^of tiie.oyhnder, and 
be folded in such a manner that the pcessure of the pencil 
will help to keep it down. Let now some part e£ the 
engine be selected where a douUe pulley may be fitted to 
revolve, one gnxyve of the pulley having abosLt.,^. samo 



•I .omHviOMM; 1 

#u«etei!BSi.itepi}i])^aitt8ehfd^^ the odtier 

to die tdiameter ef the pB^MleNsfasfk A- string most be 
pedBednmnii tiusiatte^pfiidicif aad ihe shaft, b&A thdy mil 
MfoWeliii tfaesme timeui ' Anotheor string anut be paseed 
1091x14 Ae pulley: q£ tlie bunel and the smtdler of the two 
pdHejfsi; $liui then the IxidiGatcfr^wrtel.wiU mmkve nearly 
ixi th^ jmm&tbde ad the dngioe shofiL Aiid if we suppose 
tjleshitft; tO' h6 Kevebrix^ uiufbniily, which it will he neariyi 
iftfiookfiy whete there «e t#o engixies, the barrel will 
baveaiKQiform malum in oiie dixectk>n« K the. pencil be 
put: to :the paper^' ad im ordinary caae^ when the. Indicator^ 
pistcm) it atjtiie lowest, it will eomminte tiacihg its cnrm: 
It dbould be aIlow;ed to remain for one^ €^ntixe' rerolntion^ 
and longer if convenient, provided one line do luA inter»« 
fere with the other in going twice over the paper. 

The.cbiefpraitlcal utility of the confihuous diagram ii^ 
that it serves to show the rate ett Whifch the steam-pres- 
$ate inioreases br deeri^asis. Looking at the cdntiimads dia- 
gtm^ Flat0 L Fig. 2), We obaervd that thef steam^pressuijd 
^oes not ftrrite at its maximum instantaneously, as many 
suppose; and as die xmrmal diagram, p* 15^ would lead us 
^ bfeUeVe* The vacuum commences at 2> imd continues 
to £r, the c^sshionxng fircmi JB to A; the fresh steam enters 
8l ;^iaixd causes tiie paicil to rise till it readies its higheiit 
atJB. 

To eixylain whjf the first diagram i/n p. 41 is rounded at the 
upper Uft'hand comer. 

: If .we examine this diagram by any of the previous tests; 
#c:idBiB.iftnd stipraKiits a diAculky not easily sormbuntedl 
Fdr OS ail Iprmercasss rw6 can only^eotnrept a deffeei in this 
coriierfit ihe' expense of the lower left-'hand and the uppes 
aigjhb*hflii4 tfoflfsen^ As '^hb Indicator prasisted in gi^mig 
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V 



ifin tmfliney add «K flfttemptB apoco^Sbigf to ib^ TftMnigobi^ 
ptindples: (by altering &e set'of tiie'didel, etc;): &ited, it 
was at length ptoposed to ^examine the 1rteam«^ittBtpti i^i^ 
sad accordingly, st^am tvas^ let m at the loivier poi^ 
and the cock of the grease-^cap opened^ whto it ww vdisu 
covered that the piston was not steam-tight in the cylinn 
der; aind ther^S^re^ although trlieit the'e«lgine'W4i8'Wark'^ 
ing the first impidse^f .^^d sfeaflb silffid^ 
|>«idl np, yet as soon as' the pijstoiji ii^ got into no^on; 
the esoape of steam by le^a^ didii6t aUowthepiiicil')^ 
rise so rapidly as it otherwise would have done. Thni 
roundness is also observable if ihe H^peed of Hnd pisidri be 
much increased. • ^ r h 

Indicator diagram taken when the engine is worked without 

condensation of the steam. . 

•f ■ , • 

V It is eyident that np ,pa];t of tl^e diagr^px can be bdq^ 
the atmospheric lipe, foor the pr^^ure can never be Jefs 
than tha^t of the atmo^here* And since the ateaqd ,1i^ 
not a free escape auto the air, but is obliged to force qpeq 
the fopt^valve and deUvery'-valye, and make \\a ivay thxp^g|i 
the air7*p\Lmp bucket, .^he resistance it ^^eets witj^iwi^l 
cause the pressure 1^ b^ greateip titiaxi that of the atfnpf* 




phere. Bngmes whose stemn'^itresmie is not oontMembl jr 
greater than Itet <>{ the almdospliisie osB&ot be ^ii^ked/iiii 
Ae high-pressure principle. Die fere^mg diaigtam wm 
taken from fiiM.S: Bee^ whose boiler^pressiuEe:^! titftf 
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timetftsTlbi. In hq^b-preertrare eiig^Ms^ 
he fiitnilar to the above; beeause tl^ sfeam^ kaving to 
fBcape by the blast-pipe, is pent up, and causes the lower 
part of the diagram to be above the atmospheric line. la 
ge&exal, the steam and vaoimm line must be worked bat 
separately, by the i^n proposed in p. 49 ; for it will be 
observed, that the lines intersect each other in the dia^ 
granu The Indicator Ibr high-pressure engines should be 
inade expressly for the purpose; the scale of pounds should 
have a higher range, but need not go below the atmospheric 
Ena 

This curve presents a singular appearance, from the 
steam and exhaust line intersecting. Since the cushion** 
pg begins at the usual place, that is to say, at the same 
part of the stroke as when used as a low-pressure engine, 
the steam pent up on the exhaust side, and commencing 
miAx a greater pressure than that of the atmosphere, soon 
surpasses that of the bofler, so that when the port be^ns 
to open, the pressure suddenly falls. Again when the 
entering steam is cut oS, the pressure gradually fells, and 
before the end of the stroke it is less than that of the 
eduction; and when open again to exhaust, steam enters 
from &e condenser, %id the loop of the right-hand corhei^ 
is formed. 

High-presmre diagram. 

The accompanying diagram, taken from a high-pressure 
engine, exhibits practically what we were led to expect in 
the foregoing article. The vibrations of the spring of the 
liiatcAte caute :tte Mflm^ to b^ 

]0vito.;pMtiMiL is MMce seiridUy affHite<| hfM. another doN 
a — i s t aa y trUMi we will esplaiiL In thepe epgin^, »inoo 
aacli eftgiae disciiarges into tme wsav^n l}l»st^iafie, thew 
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will be a reflex action <yf I3ie y^wtbe steam from one engine 
.tending to lesiat the escape of that from the other. The 




effect thus produced is more sensibly manifested when the 
blast-pipe terminates in a contracted orifice or nozzle. 

Diagram obtained when there was no load on the safety-valve. 

The safety-valve of the boiler was kept open so |is to 
reduce the steam to the pressure of the atmosphere, and 
the accompanving series of diagrams was taken at the 




various grades of expansion. It differs from that exhibited 
in the diagram obtained when the injection-water was 
shut off", in this respect, viz., that the whole of the diagram 
in the former case was above the atmospheric line,wheiieas 
in this all of them are below that line. 



THE msnOJiftOBd 



'■■ tlie ticcotnpahying diagram is the result of connectmg 
the Indicator with the cylinder-cover of the air-pump of 
an engine. It was taken by Mr. Eames, chief-engineer, 




H.M.S, Ir^ex^le^ and was kindly given by him ;to the 
authors. To explain it, let us suppose the pencil to be at 
A when the bucket of the air-pump is at the bottom of its 
stroke, at which time there will be nearly a vacuum in the 
air-pump cylinder. As the bucket is raised with the 
water which it carries, the superincumbent steam becomes 
compressed, consequently the pencil rises, as in the curve 
Ah. When at some point, JB the delivery-valve is forced 
open, and the pent-up steam makes its escape; after which 
the pencil drops slightly at C, and exhibits the constant 
pressore of the water as it goes off by the waste-water 
pipe. On the descent of the bucket, since the steam has 
disappeared, the pencil suddenly falls through DE^ and 
continues its course to A horizontally. 



THE DYNAMOMETER. 



This instrument has been introduced into some screw- 
vessels, for the purpose of enabling the engineer to record 
the exact amount 'Of pressure given off by thp screw-shaft, 
and, consequently, the force the engine, by" means of this 
instrument, is exerting to propel the ship. It is merely a 
lever, or a combinafion of levers ; the shaft pressing near 
the fulcrum, and the farther end of the lever, or cdmbina- 
tion, being attached to a Salter's spring balance. In the 
diagram, Plate I. Fig. 3, AB is the screw-shaft pressing 
as it revolves against a movable pin which is contained in 
the plomer-block at C, and can slide freely backwards and 
forwards ; DE is the lever, having the fulcrum at D ; th^ 
pin at C presses against a knife-edge on the lever, a^ is 
seen in the figure. The rod EF is conneQted with the 
spring of a Salter's balance, which cannot be. seen in the 
figure, but is concealed from sight by the cylindrical barrel 
IK; Fis B^so attached to the rod GH. This rod, as we 
perceive, has several grooves in it, so that the suiall fork 
carrying the pencil (p) may be brought in contact '^ith 
more than one part of the barrel in successioii if de- 
sirable. . . 

The barrel is made to revolve by means of a strap o^, 
connecting it with the screw-shaft; and it will be seen by 
the figure, that there are pulleys of diiSferent sizes con^ 

61 
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nected with the bulk'^head at 3f, and the shaft at jST, by 
which the motion of the cylinder can be regulated, and 
be made quicker or slower at pleasure. The curve will 
evidently be somewhat similar to the continuous Indicator 
diagram (Plate I. Fig. 2), consisting of a series of undu- 
lations according to the force of the steam and its action 
on the propeller. A zero-line must be got, as in the case 
of the Indicator. When the Dynamometer is applied to 
large engines, the levers can be relieved of the pressure 
of the shaft ; and this being accomplished, the index of 
the spring-balance will stand at 0, when the zero-line 
may be traced. The balance will also give the scale of 
pounds. After the diagram is traced, draw a series of 
equidistant lines at right angles to the zero-line, as in 
Plate I. Fig. 4, which represents a Dynamometer diagram 
taken on board Rattler during her trial with Alecto, the 
dimensions being reduced one-half. The distance between 
the curve and zero-line must be measured and compared 
with the scale of pounds on the balance. Let this be 
xegistered on the diagram in its proper space. These 
must be added up, and the sum be divided by the number 
of spaces taken into account. Thus we shall obtain the 
mean force of the lever on the spring of the balance ; let 
this be multiplied again by the leverage of the Dynamo- 
meter^ and the result will be the pressure of the screw- 
shaft on the Dynamometer, and therefore on the vessel* 
To obtain the leverage, if the lever be compound, multiply 
together all the long arms (measuring ftom the ftilcrum), 

* A doubt lias been expressed hj some whether this is really the foree 
exertied by the ihaft on the Tessel, on aooount of the' shaft acting on a 
loTer that yields to its foroe ; but independently of the fact, that none of 
the thrust oan be lost, it is clear that the thrust at C is equal to the thrust 
at 2) and that at E, and these are the ^wo forces acting on the> Tessel. 
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and divide the product by all the short arms^mtdtiplied to- 
gether (measuring also from the fulcrum). 

Method of obtedninff the effective horsepower of an engine 
by the Dynamometer. 

Having found the number of pounds pressure exerted 
bjr the screw-shaft, multiply it by the speed of the ship 
in knots, and the product by 6080 (the number of feet in 
a knot); then divide the result by 60 (the number of 
minutes in an hour), and by 33,000, and the quotient will 
be the horse-power. 

Or the work may be shortened thus : 

Multiply the number of pounds pressure by the speed 
of the ship in knots, as before, and this product by *00307, 
and the product gives the horse-power. 

This, it will be observed, is the effective borse-power 
after making allowance for friction and loss by useless 
resistance. 

The diagram before referred to will elucidate the pro- 
cess of working out the result This was taken simultane- 
ously with two others ; and the mean of the three pres- 
sures was 41*309 lbs. Multiplying by the power of the 
system of levers, the result was 8086*4 lbs. (the pressure 
exerted by the screw-shaft). 

The speed of the ship was 9*893 knots. 

Hence 8086-4X9-893«79998*7. 

And 79998X*00307»246 nearly; the horse-power re- 
quired. 

The horse-power by Indicator at the same time was 
466*6, showing a loss of 220*6 by friction, resistance, etc. 
6 



PBESSUEBS OE STEAM, AND THE OQBBSSFONDI^G TEMFBK- 
ATURES AND RELATIVE VOLUMES. 
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AREAS OF emCLES OF GITEN DIAMETEBS. 



DUX. 



20 in. 



! 

21m. 



22 in. 



I 

23 in. 



24 in. 



3141593 
318-0985 
3220623 
326*0507 
330-0636 
3341011 
338*1630 
342-2496 

346-3606 
350-4962 
354*6564 
358*8412 
363-0503 
367-2842 
371*5424 
375-8253 

380-1327 
384*4646 
388-8212 
393-2(^3 
397-6078 
402-0379 
406-4926 
410-9719 

415-4756 
420-0039 
424-5568 
429-1343 
433-7361 
438-3626 
4430137 
447-6892 

452*3893 
457-1140 
461-8632 
466-6370 
471-4352 
476-2581 
481-1065 
485-9775 



PIAX. 



25 in. 

i 



» in. 



27 in. 



! 

28 in. 

I 
I 



29 in. 



490*8739 
495*7949 
500*7404 
505*7106 
510*7052 
515*7244 
520*7681 
525*8364 

530*9292 
536*0465 
541*1884 
546-3549 
551-5459 
556-7615 
562-0015 
567-2662 

572-5553 

577*8690 
583-2072 
588-5701 
593-9574 
599-3693 
604-8057 
610*2667 

615*7522 
621-2623 
626-7968 
632-3561 
637-9397 
643-5480 
649-1807 
654-8381 

660-5199 
666-2264 
671*9572 
677-7128 
683-4928 
689-2974 
695-1265 
700-9802 



PIAM. 



30 in. 


706-8583 


1 


712-7611 




718*6884 


} 


724-6403 


■ ' 


730-6167 


, , 


736-6176 


i 


742-6430 


748-6932 . 


31 in. 


754-7676 


} 


760-8668 


766-9904 



32 in. 



33 in. 



34 in. 



773-1387 
779-3113 
785-5086 
791-7304 
797-9768 

804-2477 
810-5432 
816-8632 
823-2078 
829*5768 
835-9705 
842-3886 
848*8314 

855*2986 
861-7904 
868-3068 
874*8477 
881-4139 
888-0030 
894*6176 
901-2567 

907-9203 
914-6084 
921*3211 
928-0584 
934-8202 
941*6066 
948*4174 
955-2529 
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ABEAS OF CIBGLES OF OmSK DIA1CRIB& 



DliJf. 



86 in. 

y 

r 

'\ 

' i 
:■ 

96 iiL 



39 m. 



36 m. 



39 in. 



40 in. 

5 



9621127 
968-9973 
975-9063 
982*8400 
989*7980 
996*7807 
1003*7879 
1010-8197 

1017*8760 
1024*9568 
1032*0622 
10391922 
1046*3467 
1053*6267 
1060*7293 
1067*9576 

1075-210i 
1082*4873 
1089*7890 
1097*1164 
1104*4662 
1111*8416 
1119*2415 
1126-6660 

1134-1149 

1141*5885 

1149-0866 

1156-6083 

1164-1564 

1171*7282 

1179-3244- 

1186*9463 

1194*5906 
1202-2605 
1209-9550 
1217*6740 
1225*4175 
1233*1856 
1240-9782 
1248*7964 

1256*6370 
1264-5032 
1272*3941 
1280*3094 
1288-2493 
1296-2138 
1304*2027 
1312*2163 



DIAX. 



41 in. 



42 in. 



43 in. 



44 in. 

1 



45 in. 



46 in. 

\ 



1320*2543 
1328-3170 
1336-4041 
1344*5169 
1362*6520 
1360*8129 
1368*9981 
1377*2080 

1385*4424 
1393*7013 
1401*9848 
1410*2929 
1418*6254 
1426*9826 
1436*3642 
1443-7706 

1452*2012 
1460*6565 
1469*1364 
1477*6310 
1486*1697 
1494*7234 
1503*3012 
1511*9038 

1520*5308 
1529-1825 
l'537*8587 
1546*5475 
1555*2847 
1564-0346 
1572*8089 
1581-6079 

1590*4313 
1599-2777 
1608*1518 
1617*0390 
1625-9705 
1634-9267 
1643-8874 
1652-8827 

1661*9026 
1670-9469 
1680-0158 
1689-0993 
1698*2272 
1707-3698 
1716*5368 
1725*7284 



DliJf. 



47 in. 

r 



48 in. 

r 



49 in. 



60 in. 



61 in. 



I 

62 in. 



1734*9445 
1744-1862 
1753-4505 
1762*7304 
1772*0646 
1781*3936 
1790*7569 
1800*1450 

1809*5574 
1818*9944 
1828*4560 
1837*9322 
1847*4628 
1866*9881 
1866*5478 
1876*1322 

1885-7410 
1895*3744 
1905*0323 
1914-7150 
1924*4218 
1934-1534 
1943-9095 
1963*6902 

1963*4954 
1973*3251 
1983*1794 
1993*0583 
2002*9617 
2012*8897 
2022*8421 
2032-8172 

2042*8206 
2062*8467 
2062*8974 
2072*9727 
2083*0723 
2093-1966 
2103*3554 
2113*5188 

2123*7166 
2133-9390 
2144-1861 
2154*4576 
2164-7537 
2176*0744 
2185-4195 
2195*7893 



JAKAS csecacuB OF oaws niAiaiSBS. 



«r 



DIAX. 



53 UL 



} 

54 in/ 



55 in. 

\ 



58 in. 



2206*1834 
2216-6022 
2227*0456 
2237-5132 
2248-0059 
2258-5229 
2269-0644 
2279-6305 

2290-SllO 
2300-8362 
2311-4759 
2322-1392 
2332-8289 
2343-5^3 
2354-2801 
2365-0426 

2375*8^94 
2386-6411 
2397-4770 
2408*3377 
2419-2227 
2430-1775 
2441-0666 
2452-0254 



56 in. 


2463*0086 


1 


2474-0145 


2485-0489 


■ 1 


2496-1059 




2507-1873 
2518-2931 


. > 


', 


2529-4239 


2540-5781 


57 in. 


2551-7586 


} 


2562-9629 


2574-1916 



2585-4450 
2596-7227 
2608-0251 
2619-3520 
2630-7035 

2642^0794 
2653-4800 
2664-9051 
2676-3549 
2687-8289 
2699-3277 
2710-8508 
2722*3988 



DIAX. 



59 in. 



2733*9710^ 
2745-5681 
2757-1893 
2768-8355 
2780-5059 
2792-2010 
2803-9205 
2815-6647 

2827*4834 
2839-2266 
2851*0444 
2862-8868 
2874-7536 
2886*6450 
2898-5610 
2910-5016 

2922*4666 
2934-4562 
2946-4703 
2958-5091 
2970-5722 
2982-6600 
2994-7723 
3006-9092 

3019*0705 
8031-2560 
3043-4670 
3055-7021 
8067-9616 
3080-2458 
3092-5544 
3104-8877 

8117-2453 
9129-6273 
3142-0344 
3154-4659 
3166-9217 
3179-4022 
3191-9072 
3204-4368 

3216*9909 
3229-5695 
3242-1707 
3254-8005 
3267-4527 
8280-1296 
8292-8309 
3305-5566 



DIAX. 



65 in. 



Min. 



67 in. 



68 in. 

r 



69 in. 



8318*3072 
3331*0822 
8343-8818 
3356-7059 
8369-5545 
3382*4377 
8395-3253 
3408*2476 

34214944 
3434-1657 
.34471616 
3460-1820 
8473-2270 
8486-3966 
8499-3906 
8512-5093 

3525-6524 
3538-8201 
3552-0123 
8565-2292 
8578-4704 
8591-7363 
3605-0267 
3618-3417 

8631*6811 
3645-0451 
8658-4337 
3671-8469 
3685-2845 
3698-7468 
8712-2335 
3725-7450 

3739*2807 
3752-8411 
3766-4260 
3780-0356 
3793-6695 
3807*3281 
3821-0112 
3834-7189 

3848-4510 
3862-2077 
3875*9890 
3889-7948 
8903-6252 
3917-4802 
3931-3596 
8945-2636 



6$ 



.UtEAS or CIBCLKS (HP GITIir IIIA]an!IB& 



DUM. 


ASMk. 


DIAK. 


ABMk. 


niAiL 


ABBA. 


71 in. 


. 39591M1 


77 in! 


4656^257 


88 in. 


5410-6079 


r ■ 


39731452 


1 ' 


4671-7569 


1 ' 


5426-9172 


. 39871229 




4686-9126 




5443-2511 


' ■ 


4001-1252 


. , 


47020929 


. 


5459-6096 


40151518 




4717-2977 


] ' 


5475-9923 


, 


4029-2031 


■ : 


4732-5271 


i . 


5492-3998 


4043-2788 




4747-7810 


1 


5508-8318 


. f 


4057-3884 


f 


47630595 


5525-2884 


72 in. 


4071-5041 


78 in. 


4778:3624 


84 in. 


6541-7694 


1 • 


4085-6532 


i 


4793-6890 


1 ' 


5558-2751 




4099-8275 


4809-0420 




5574-8053 




'4114-0260 


} 


4824-4187 




5591-3600 


j 


4128-2490 




4839-8198 


1 ' 


5607-9392 


'. . 


4142-4967 


■ : 


4855-2455 


'. . 


5624-5430 


i 


: 4156-7689 


1 


4870-7958 


J • 


5641-1714 


4171-0656 


4886-1707 


f 


5657*8236 


73 in. 


:4165-3868 


79 in. 


4901-6669 


85 in. 


5674-6017 


i 


4199-7326 


r 


4917-1938 


i 


5691-2037 


42141029 


4932-7423 


5707-9302 


J 


4228-4979 




4948-3154 


■ • • 


5724-6814 


4242-9171 


4963-9127 


1 


5741-4569 




:4257-3611 


1 


4979-5310 


1 


5758-2631 




4271-8296 


1 


4995-1814 


i 


5775-0818 


4286-3227 


1 


5010-8526 


5791-9311 


74 in. 


4300-8404 


80 in. 


5026-5482 


86 in. 


5808*8048 


^ 


4315-3826 


i 


5042-2785 


i 


5825-7032 


1 


4329-9492 


5058-0X33 


5842-6260 


} 


4344-5405 




,5073-7826 




5859-5735 


43591563 


5089-5764 


J 


5876-5454 


« 


4373-7967 


1 


5105-3948 


•« 


5893-5420 


} 


4388-4613 


i 


5121-2378 


1 


5910-5630 


i 


44031508 


5137-1054 


i 


6927-6087 


75 m. 


4417-8647 


81 in. 


5152-9973 


87 in. 


5944-6787 


y 


4432-6032 


1 ' 


5168-9140 


i 


5961-7734 




4447-3662 




5184-8551 




5978-8926 




44621539 


A 


5200-8208 


1 


6996-0365 


4476-9659 


', ' 


5216-8109 


6013-2047 


1 


4491-8026 




5232-8258 




6030-3975 


' ' 


4506-6637 


} 


5248-8650 


. 


6047-6149 


4521-5495 


1 


5264-9289 


1 


6064-8569 


76 m. 


4536-4598 


82 in. 


5281-0172 


88 in. 


6082-1234 


7 


4551-3946 


i 


5297-1302 


i 


6099-4145 




4566-3540 


5313-2677 




6116-7300 




4581-3379 


; ' 


5329-4297 


. . . 


6134-0702 


4596-3464 


5345-6162 


] 


6151-4349 


. , 


4611-3895 


1 


5361-8273 


. . 


6168-8240 


: 


4626-4370 




5378-0630 


1 


6186-2377 


4641-5192 


f 


5394-3233 


6203-6761 



ABKAS or CnCLBS or 6ITKN DUXEIBBS. 



69 





DLiX. 


ABBA. 


DIAJf. 


ABBA. 


DIAV. 


ABBA. 




89 m. 


62211389 


93 in. 


6792-9087 


97 in. 


7389-8113 




; 




6238-6263 


1 '' 


6811-1814 


i 


7408-8695 








6256-1382 




6829-4788 




7427-9522 




. 




6273-6746 




6847-8007 


! • 


7447-0595 




1 




6291-2356 


', • 


68661471 


7466-1913 




'. 




6308-8212 


i 


6884-5182 




7485-3478 




. 




6326-4313 


, 


6902-9135 


} 


7504-5285 




■ 




6344-0660 


1 . 


6921-3336 


i 


7523-7340 




90 in. 


6361-7251 


94 in. 


6939-7782 


98 in. 


7542-9640 




i 


6379-4069 


i 


6958-2474 


i 


7562-2186 




6397-1171 


. 6976-7410 


7581-4976 






6414-8499 




6995-2593 




7600-8012 




1 ' 


6432-6073 


7013-8019 


76201293 




1 


6460-3893 


• • • 


7032-3693 


■ . 


7639-4810 




i 


6468-1954 


; 


7050-9612 


i 


7658-8593 




6486-0265 


7069-5777 


7678-2610 




91m. 


6503-8821 


95 in. 


7088-2184 


99 in. 


7697-6874 




] • 


6521-7622 


i 


7106-8839 


" ' 


7717-1383 






6539*6669 


7125-5799 


7736-6137 






6557-5962 


jL 


7144-2886 




7756-1137 




1 • 


6575-5498 


■ 


7163-0276 


. . 


7775-6382 




; , 


6593-5281 


■ : 


7181-7914 


1 


7795-1873 




1 


6611-5308 


i , 


7200-5794 


4 


7814-7608 




6629-5582 


i 


7219-3921 


} 


7834-3590 




92 m. 


6647-6100 


96 in. 


7238-2295 


100 in. 


7853-9816 




1 




6665-6865 
6683-7875 


1 ' 


7257-0914 
7275-9777 














• 




6701-9131 
6720-0630 
6738-237* 


1 ' 


7294-8886 
7313-8240 
7332-7841 








• 




6756-4368 
6774-6605 


1 


7351-7686 
7370-7777 
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HhAny of the following Books will be sent by mail, free 
of postage, at the publication price. CAtalognes furnished 
on application. 

Anierican Miller and Millwright's Assistant: 

A new and thoroughly reyised Edition, with additional 
Bngravings. , By Whliam Cabtbb Hughbs% In one vol- 
nme, 12 mo., ...I $1.00 

Armengand, Amoroiix, apd Joiinsen. 

THB PRACTICAL DRAUaHTSJ^AWS BOOK OP INDUS- 
' TRIAL DESIGN, and Machinist's and Kngineer's Drawing 
Companion ; forming a complete coarse of Mechanical 
Engineering and Architectural Drawing. From the French 
of M. Armengaud the elder, Prof, of Design in the Con- 
servatoire of Arts and Industry, Paris, and MM. Armen* 
|aud the younger, and Amouroux, Civil Engineers. Re- 
written and arranged, with a4.ditional matter and plates, 
selections from and examples of tile most useful and 
generally employed mechanism of the day. By William 
Johnson, Assoc. Inst. C. E., Editor of <^The Practical 
Mechanic's Journal." Illustrated by £fty folio steel 
plates and fifty wood-cuts. A new edition, 4to.,....$7.50 

Among the contents arg i-^Linear DnuHna^ D^nitiom and Problem*. 
Hate I. AppUcationB, Designs for inlaid Pavements, CelUDgs ana 
Balconies, Plate II. Sweeps. Seotlons and Mouldings, Plate III. Els 
mentary Giothlo Forms and Rosetteff Plate IV. Ovals, SUUpseSf 



PBAOTIOAL Aim BOIBNTIFIO BOOKS, 

Parabolas and Volutes, Plate V. Rules and Practical Data. Study q* 
ProiecUonst Elementary Principles, Plate VI. Of Prisms and other 
Solids, Plate VII. Rules and Practical Data. On Coloring Sectiom^ wUh 
ApplicntioM—>CqxiventionA\ Ck>lors, Composition or Mixture of Colors. 
Plate X. CoMhuaHon of the Shtdy of Prqfectioni-^VM of sections— dto* 
ta|ls of machiaery, Flalje X|. Simple apf Ueations— spihdl«8, shaflp, 
ooupUng^, vrooden pattemsi Aate XII. Ifethod of eonst^ncting* a 
wooden model or pattern of a coupling, Elementary applicatioiui-^ 
rails and chairs for rallwfiygj nnte XIII. Riths and Frartical Datu-^ 
Strength of 111 ntf rial, liLslatiiDae la compiiesHiiin i.u- criK^biKki lyU'e, 
Tensibnflil HoBlatancis ReBiatance to iJi^xute, Hjesietauce lo tgt-fiioa, 
Friction of iurlacci lu e&ntaot. 

THK ISTKJlBKtTtOll A so DEVELOPMEUT OF SU]ITAC£S, W1T« AP^ 

PLiCATiosrs,— T/i^ IntfTKCtion of Cvtindpri and Ooj»c», Plate XJVh The 
Delineation and Devtlvpmrnt of Beiicfi, Sa-ewM And Serji^iHnet^ Plate 

XV. AppIicntloD of toe helix— tine cojjstructloa of a itnircawi, Plate 

XVI. Ttie InterMctlon of turfjaee*— appllcationB to Btop-cocka, Plate 
XVIi; Rai£t and FrtieiiLal Da^a— SJejim, Unity M htiiU Heating isurfac^, 
CftkulAtlon of tbe (liiuf^Qilons of boUerA, DlmeuBLona of Jfre^ateti 
Chimneys, Safety-vnlvEB. 

The Srtiyir awd Cowstbuctios of TooTHiiD Gea».— InTolute, cy- 
cloid, and epicycloid, Plates XVIII. and XJX. Involiitej Fig. i, Plate 

XVIII. Cycloid, Fig. 2, PUte XVIU. Exteraal epicycloid, descrilicd 
tj a circle romag a^out a fixed Blrcle Inaide it, Fij^. a, Plate XIX. 
IntcrnAl epicycloid, Me. 2j Plate XIX, Delljieatltm of a rack and 
pinion la gajif, n^. 4, Plate XVIIL Ck^artug of a Worm with a wcvtm- 
wheelj Fi|?B, 6 and «. Plate XVIII. C^itidricai or Spur Gtaring, Plate 

XIX. Practical deUnejitioa of a oouple of Spijr- wheels, Plfite XX. 
The DclineiUUm and Uanstntdifjn of Wooden Piiiiirnti for Toothed Wheelitj 
Plate XXI. Rtili* and PmctictU Ccifa—Tootfied geariug, Ani^^ul/ir Had 
Circumfereotlal velocity of whieels, Dlniensionfl of geaiin(|* X dick a ess 
of the teeth, Pitch of the teeth, Ditneaslonn gf the web, Kumber &ad 
(limeasloDs of the anas, wooden patterns, 

CoitTi^cATiow OF TH£ Sttdy OF TooTHED Geab,— Design f*yr a 
pair of bevel-wheels in gear, Ptate XXU. Conatructian. of wooden 
uattera^ fof a pait of bevel^wheeUt Plate XXIIL InvoUU€ antf 
HdUtU Teeth, Plate XXIV. Couiritnru!^* for obiainifi^ DWet-entiai 
Moi'cmtfJUi— Thfi deHnefltJoa of eecentrlRa ancf caTiiUj Plate XXV, Rtdfi 
jtid Prmiit'ol />«£a— MechaalcflU. work of einK;t, The niniple umchlnea, 
Ceatre of gi-avity* On ^Btlmatlae the power of prime mo vera, Calcu- 
leitlon for the brake, The fail of ndles, Momentum ^ Central foreeft. 

EutMENrART PR[iitiri.^3 Of &H\P(i«i,—ShadoWA of Pritm*, Pvra- 
midtand Ciflindern, Plate XXVL Prindvien of Shading, Plite XXVIL 
Cojifinuation of the Sttulv of StiSdmtrit^ Plate XXVIJI. Tiiman Order f 
Plate XXIX. flufc* and Pradica: X>djia— Pumpa, Hydro? tatio pdmlplea, 
Forolng pumpS;^ Lifting and forcing ^tumpfl, The Hydrostiitic preaa. 
Hytkostatioal cakuilatlonfl and data — diJi4:h&rge of water through dif- 
ferent oriflcea, GafTlng of a watcr-courae of uniform aectloa anil if^U^ 
Velocity of the bottom of water-coureeti, Cal{:uL>itioa of the diaeharge 
of water through rectangular orificea of narrow etlgea, Calculatioq of 
the dl^chJirge of water throogh overshot outlets, To <Jeterniine the 
vliith of ftn overshot outlet, to determine the depth of the outlet, 
Outlet with ft spout or ftuct* 

Affi.icatio?4 of Shadows to Tootheo Gi;aii, Plate XXX. Ap* 
plication of SfiadoiPf tQ ScreitJf. Plftto XXX L Applkatic^n pf SliadowM t0 
a Boiirr and H^ Fumacef Plate XXXII. Shadiikg in Bla^k^Stafdinff h^ 
ColvTM, Plftte XXXJIL 

The Cttttiho and Sbapiho of Masonby, Plate XXXIV. SiUes 
and Practical 2>ato— Hydraulic motors. Undershot water wheels, with 
plane floats and a circular channel, width. Diameter, Velocity, Num- 
ber and capacity of the buckets. Useful e0eot' of the water wheel; 
Orershot water wheels. Water wheels with radial floats, Water wheel 
With ourred huofcets, Turbines. JUmat** on Machine TboU. 
% 



PtrBIiISHBD BY BBITBY OABSY BAXBI^. 

TftB ArvpT OF Macvimjsbt A]ii> SisTCKuia.— Various apnUeftlont 
aad eombinationi : 2%« fifcetcAin^ qr Jfoeftinery, plates XaX v. and 
XkxVI. DrUlina Machine; Motive Metchines; Water wheelt) Con- 
ttraotldn add Mttfagupof water wheels, Delineatton of water wheals, 
SMlni for a water wbeel, SkeAeh of a water wbeel ; Over^iot Water 
WheeU. Water Pumpe, Tlate XXXVII. Steam Motore; Hltfh-presBiire 
expansive' steam engine, Plates XXXVIII., XXXIX. and XL. BetaUi 
(Of Oonetrwstion ; Movemente qf the IHatrHbnttkm an^ Es^pantifln Valnea ; 
xxdes and PracUeal 2>a^a— St-eam engines : Low-pressure condensing 
engines without expansion valve, Diameter of piston. Velocities. 
Stesjn pipes and passages, Alr-piunp and condenser, .OoldpwatcK ana 
feed-pumps. High-pressure expansive engines, HediaM pressure con* 
densing ana expansive steam engine, Conical pendulum or centrifugal 
governor. 

Onjuittux PxoJECTioxs.— Application of rules to the delineation of 
an oscillating cylinder, Plate XLI. 

Parallki. PER8PscTivs.-*FrlnalplMand' app&oatioM, Plate XIiII. 

Tbtte PcnspEGTxvB.-'-dementary principles. Plate. XIJII. Appli- 
cations—flour mill driven by belts, rlates xLIV. and XLV. Descrip- 
tion of the mill, Representation of the mill in perspeetlve. Notes of 
recent improvements in flour mills, Schlele's mill, Miulin's "ring mill- 
stone,'' Barnett's millstone, Hastie's arrangement for driving miUs, 
Currie's improvements in nuUstones ; Mutes and Praetteal Datar—Wotm 
performed by various machines, Hour mills, Sawmills, Veneer-sawing 
machines, Circular saws. 

Examples of Fimzsheo Dbawinos of Macriivebt.— Plate A, 
Balance water-meter; Plate B, £nfldneer's shaping machine; Plate 
C D 1^ JCxpress locomotive engine ; rlate F., Wood ntaning machine ; 
Plate 6, Washing machine for piece goods ; Plate H, power loom ; 
Plate I, Duplex steam boiler j Plate J, Direct-acting marine engines. 

Dbawuto Instbumebts. 

Barnard (Henry). National Education in En- 
rope: 

Being an Account of the OrgaulEation, Administration, 
Inatruction, and Statiatics of Pnl^lio Schools of diiTer- 
ent grades in the principal States. 890 pa^es, 8yo., 
cloth, M....... •3.00 

Barnard (Henry). School Architecture. 

New Edition, 300 cuts, doth, ;. 12.00 

Beans. A Treatise en Railroad Curves and the 
Location of Baltroads. 

By E. W. Beatui, 0, B. 12^i0. (In press.) 

Bishop. A History of American Manufactures, 

From 1608 to 1860; exhibiting the Origin and (oh-owth 
of the Principal Mechanic Arts and Mannfao^res;, from 
the Earliest Colonial Period to the Present Time ; with a 

• 3 



BBACH^IOAt. AXrr> BOnSN^FIO BOOKS, ' 

Notice of thei Important Inventions, Tariffs, and the Re- 
snlts of each Decennial Census. By J. Leander Bishop, 
M. D, : to which is added Notes on the Principal Mano- 
facturing Centres and Remarkable Manufactories. By 
Edward Young and Edwin T. Freedley. In two vols., 
8vo. Vol. 1 now ready. Price, $3.00 

Bookbinding! A Manual of tlie Art of Book* 
binding, 

Containing full instructions in the different branches of 
Forwarding, Gilding and Finishing. Also, the Art of 
Marbling Book-edges and Paper. By James B. Nicholsan. 
Illustrated, laino.i cloth $1.75. 

CONTENTS.— Sketch of the ProiffreaB of Bookblndldjt, Sheet- 
work, Fonvfttding tJie Edgee^ M^^rbllnfj Gilding the Ertgiea. Coverinfft 
flalf Diadlo^, BUnk Binaifigj Boardini^, Cloth^workj Orr5.imentFil AH, 
Finlahloi?, TASte and Deaig^, Styles, Gndlns, rilLimliiM<> 1 Bindtng, 
Blind Toollpg. AnUquBj Coloring, Matting, UjiUorm CkjloT% Gold 
MarMUiff, Landflcapea, etc, InUld Crp^tflents, Hsrmrtiiy of Colon. 
Pftiting Dnwq, ete,| Stamp or Pr*:^a&-workj Re?itf-riDS tlif Bindings of 
Old Booka^ Sup|>lTlaf inipetjrectlon^ lo Old Books^ Hints to Book Col- 
kotore, TealmlDd^ Le«aona. 

Booth and Morfit. The Encyclopedia of 
Chemistry, Practical and Theoretical: 

Embracing its application to the Arts, Metallurgy-, Mine- 
ralogy, Geology, Medicine, and Pharmacy, By James C. 
Booth, Melter and Refiner in the 'United States Mint ; 
Professor of Applied Chemistry in the Franklin Institute, 
etc.; assisted by Ca-mpbkli Morpit, author of " Chemical 
Manipulations,'' etq. 7th Edition. Coii^plete in oim 
Tolume, royal octaro, 978 pages, with nttmeroua wood 
outs and other illustrations, $5.00 

From the very large Dumber of articles in this volume, It is entirely 
impoifible to give a list of the. Ooatents, but attention may be call^ 
to some among the more elaborate, luoh as Affinity, Alcohoiometrjj, 
Ammonium, Analysis, Antimony, Arsenic, Blowpipes. Cyanogen, Dl^ 
tillation, Electricity, Ethyl, FermeaUtioai Iron, Lead and. Water. 

Brewer; (The Complete Practical.) 

Or Plain, Concise, and Accurate Instructions in the Axt 
of Brewing Beer, Ale, Porter, etc., etc., and the Process 
of Making all the Small Beers. By M. Lafatettb Btkit, 

M. D. With Illustrations. 12mo $1.00 

' ** Manf an old brewer will find in this book valuable hints and sug* 



FXTBLI8H3BD BT KBUfnY CABMT BJ^tHD. 

festions worthy of consideration, and tbte noirioe oAa p<Mt blmsieir up 
In his trade in all its parts."— jirfi«an. 

Builder's Pocket Companion : 

ContaiBing the Slements of Building, StLryeying, and 
Architecture ; with Praoticral Rules and Instructions con- 
nected with the subject. By A. C. SueltoVj Civil Engi- 

ntier, i^to. In one rolum^, 12mo.} ., ....|1.00 

CONTENTS.— The Builder, Carpenter^ Joiner^ M&son, Plasterer, - 

Fluoibert FftEnter, .^nilth, Pmcticoi Geometr^i Surveyor, Cobcslvfs 

SLren^tb of BoOiefi, Architect. 
*' It giTPBf In ft iniftJl ep&«ej the most thorough air«*tioii^ to the 



builder, Irom the laytnff of a brlc^k, or the felllnir of a tree^ up t* the 
CUQ^ I *; iji bg ra te uroU u ution of o ma ment al a rch ttf eiu re. it i* si^le a tiflo , 
without be Jug ouacure and unlntclUglblt?; and erery honBe-carpenter^ 



Byrne. The Handbook for the Artisan, Me- 
chanic, and Engineer, 

Containing Instructions in Grinding and Sharpening of 
Cutting Tools, Figuration of Materials hj Abrasion, Lapi- 
d&ry Work, Qem and &ls^& EngraTingr Vamifihlng &nd 
Lackering, Abrasive ProijeaaeSj etc, etc. By Oliver 
Bynaa, Illustrated with 11 large plate tj and 165 out a. 
8to., cloth, , 15.00 

CONTENTS*— Grlntllng Cutting Tools on the Ortlluary Grind- 
stoue i KharpeQlng Cutting Took on the OllBtonc ; ^ttlng Rasori : 
lihftrpt^niagCuttin§^ Tools with Arlitlclitl Grinders | Prod ui;t Ion of Plaice 
SurfMccEi by Abrasion ; Production of CjllnJdefll Surfaces by Abra- 
sion ; Protluution of Conical Surfpicei hy Abratlon t Product! oo of 
Spherical Surfiicei hy Abrasion: Glasa Cuttlnf; Lapidary Work; 
9ettlne^, CuttlDgt and Polishing FUt and Bounded Works ^ Cutflngr 
Faucets ? Lapidary Apparatuj for A mate firs ; Gem and Glasa Engrar- 
Idr; Sch] and Gem EnrfflVinfj; Cftmeo Cutting; Glass Eajfraiiagt 
VamlBhlu^, and Lackering j General Hemarka upon Abraitlve Pro- 
eessea *, Dictionary of ApparatUi ; Materiald and Process^s^ for GrLodlng 
and PoIlBhiu^ eomiuonfy employed in the Mechanical and Useful Arts. 

Byine. The Practical Metal-worker's Assist- 
ant, 

i ^or TinrpUt« Worki^rs, Bnvzi^rs, Coppersmitl^fa, Ziri^ 
plate Ornrmenters and Workers, Wire Workers, While- 
smiths, Blacksmiths, Bell Hangers, Jewellers, Sflver and 
Gold Smiths, Eleotrotypers, and all other Workers in 
Alloys and Metals. Edited by Oliyeb Btiutb. Comptete 

. in one volume, octavo, ..•••• 17.50 

It treats of Casting, Founding, and Forgine; of Tonflrs and other 

1*0018 ; Bo-grees of Heat and Management of Ftrei ; welding of 



Hoading ftiid Saraju Tooli i of P«Qch«B and AnvUi ; of Hardening and 
Tempering ; of Malleable Iron Caatinge, Caae Hardening, Wroughl 
and Cast Iron; the Management ana^Manipulation of Metals and 
Alloys, Melting and Mixing : the Management of Fumaoes, Casting 
and Founding with Metalliolgbiildiv JoiniJigand Working Sheet Metal | 
Feeuliarities of the difllerent Tools employed : Processes dependent on 
the duotllity of MetaU ; Wii* Dr$wing, Drawing Metal Tubes, 8old«p- 
ipg ; The uie of the Blowpipe, and eTery otlier known Metal worker*t 

Byrne. The fraetlcal Mode! Calcnlator, 

For the Sngineer, MaoMnlst, Manufacturer of Engine 
Wo^ Naral ArohHe^t, ICiner, and MUlwright. Bjr 
Olitbb Btshb, Compiler and Edlter of the Dictionarj of 
llaohines, Mechanics, Bngine VFork and Engineering, and 
Author of yariouB Mathematical and Mechanical Worka, 
lUuBtrated by numerous engrayings. Complete in one 
large volume, octavo, of nearly six hundred pages,. .$3.60 

The prioelpal oljeeti of tbis work are : to estahUih model oaleul** 
tions to guide practical men and students ; to illustrate every practioal 
rule and principle by numerical calculations, systematieaUy arranged ; 
to give information and data indispensable to those for whom it Is in- 
tended, thus sumsaing in yaloe any other book of its character; to 
economize the labor 91 the practioal man, and to render his every-day 
eaiculations easy and comprehensive. It will be found to be one of 
the moft complete and valuable practical books ever published. 

Cabinetmaker's and Upholsterer's CompanioB) 

Comprising the Budtoents and Principles of Cabinet- 
making and Upholstery, with Familiar Instructions) ilr 
lustrated b^ Examples for attaining a proficiency in the 
Art of Drawing, as applicable tp Cabinet Work; tho 
preceBses of Veneering, Inlaying, and Buhl Work ; the 
Art of D/elng and Staining Wood, Bone, Tortoise Shelly 
etc* Pireotions tor Lackering, Japanning, and Vamisl^- 
ing ; to make French Polish ; to prepare the best Olues, 
Cements, and Compositions, and a number of Reoeipts 
particularly useful for Workmen generally. By J. Stoxbs. 

In one yoluna^i 12mo» With Illustrations, 7^ 

<< A larse amount of practical information, of great service to all 
eonoemea in those branonea of business.'*— OUo State J&utmol, 

CampioQi A Praetieiil Treatise on Meehai^al 
Engineering; 

Comprising Metallurgy, Moulding, Casting, Forging Tools, 
Workshop Machinery, Mechanical Manipulation, Manu- 
facture of 9team Bngine, etc., etc. Illustrated with 28 
plates of Boilarsy Steam SngineSi Workshop Maohinery, 
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eto., and 91 Wood BagrAvixigt ; wUh aa Appendix on the 
■ ' Aiiftlytis of Iton and Iron Ores. By ^ranois Camp^cn-, 
C. E., Proftldont c^ the Civil and Mechanical Bngineers' 
Sooiety, etc. (In pre$$,) 

Celnart. The Perfumw. 

From the French of Madame Qelnart ; with- additions hy 
Professor H. Dassaaoe. 8yo« {In preu.) 

Cotbnni. The LoeomotiTe f^gioe ; 

Including a Description of iU Stttiotare, Rnles for Bsti- 
mating its Capabilities, and Practical Ohsertations on its 
Constrnction and Management. ByZmAwOoLBViiif* Il- 
lustrated. A new edition. 12mOy 7!f 

<*lt is tbe mott praetioal and generally useftU Woili on fhe Steam 
Engine that we hare Been.'*— £o«e<m TravAer.'* 



l&no., cloth, 11.00 

Distiller (The Complete Practical). 

By M. Lafatbttb Btbv, U.D. With Ulastratiofts. l^ifto; 

$1.00 

" So Bimplifled. that it is adapted nOt onlv to the uae of extensive 
0l8tillerB, out for erery farmer, or otheri who may want to engage in 
DiBtlUlng.>'-^£aniMrV<^ t^nkm. 

Dnssaoee. Pnetical Treatise 

O^ THE FaBAICATION OF MATCElEt), G^S CofTOITj AWO FcriMJ- 

NATJifOr pfiWDKHB. Bj Prof. H» Dug sauce » (In press.) 

CONTENTS,— PAefj^fcofli*. ^ HUtory of fhoaphorui ; Phj-^loal 
Pj-opertte* ; Cbemiofti Pf&pcrtlea ; Natural State : Ptepftratian ot 
White PhoHphorui j Aiiiorphoua FtvoiphtiruBt aart Benoxide of La fid. 
Ifoitft**.— Preiniijitlon of Woodta M^Lte^liee ^ Mrttdie* IcBaminable ty 
rubbioff, without twlee ; Comaion Lucifer Mjitchefl ; M/itche» wit bout 
Phoiphora«; Candle Match^^n; Match«i with Amorphoufl Fbo&pbc^ 
ru« I NAtcJkGA aad Rubberi i^Uhout PhodpboruB, Gan cM^n.— Prrpp«> 
titB: PT^'parfttlon i Fjiper Powdet ; uae of Cotton had P&pm PowdeM 
for FuimlontlDB PrlmefJi, et<)»j Prepatatkka ttf Fulmtnat£af Primerai 
etc., ete. 

Dassaace. Chemical Receipt Book: 

: A General Fonnalary for the Fabrication of Leading 
Chemicals, and their Application to the Arts, Mannfac- 
tares, Metallurgy, and AgricsUnre* By Prof. H. Das- 

, lUkuoe. (/» pf^B^) ^ 

7 
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DTimrG, oAuoo PBUPmrG, ooloes, ooiroir sEdi- 
Hnra, ahd woolen hanufaotube. 

Baird. The Ameriean Cotton Spinner, and 
Manager's and Carder's Guide: 

A Praotioal Treatise on Cotton Spinning ; giving the Di- 
mensions and Speed of MacMnery, Draught and Twist 
Calculations, eto%; with Notices of recent Improvements \ 
together with Rules and Bitamples for making changeil 
in the sizes and numhers of Roving and Yarn., Coan- 
. piled from the papers of the late Robert H. Baird. 
12mo ^ ^1.25 

Capron He Me. Bossauce. Blues and Car; 
mines of Indigo: 

. . Jk .I^aqtkal treatise on.the Fahrication of ev^ery Oomm^ti 
oial Product derived from Indigo. By Pelioien Capnon 
de Dole. Translated, with important additions/ hy Pro- 
fessor H. Dussauce. 12mo $2.5<) 

Cliemistry Appli«d to Dyeing. 

By James Napier, F. C. S. Illustrated. 12mo I2.Q0 

CQNTUNTfi^OemmiZ ProptHies </ Jfofter.— Heat, Light, £!•• 
ments of Matter, Chemical Affinity^. Non-MetaUie Svjbetawm.'-^xygent 
Hydrogen, Nitrogen, Chlorine, Sulphur, Selenium, Phosphorus, Iodine, 
Bromine, Fluorine, Silicum, Boroi).- Carbon. Mt/tMie Subatancea,^, 
General Properties of Metals, Potasslam, Sodiudi, lithium, Soap; 
Barium, Strontium, Calcium, Magnesium, Alminum, Manganese, Iron, 
Cohalt. Niokel, Zlno, Cadmium, Copper, Lead, Bismuth, Tin, Titanium, 
Chron^ium, Vanadium, Tungstenum or Wolftam, Molybdenum, Tellar 
rium. Arsenic. Antimony, uranium, Cerium, Mercury, Silver, Gold, 
Platinum, Paliadittm, Iridium, OsmiumMttiodium, Lanthanlum. Jfo»^> 
ctonte.-*Red Spirits, Barwood Spirits, mmb Spirits, Yellow Spirits, 
Nitrate of Iron, Acetate of Alumina, Black Iron Liquor, Iron and Tip[ 
for Royal Blues, Acetate of Copper. VeffetaMe MaUen uatd in Dyeing. -» 
Galls, Sumach, Catechu, Indigo, Logwood. Brazil-woods, Sandal-wood, 
Barwood, Camweod, Fustic, Young Fustic. Bark or Quercitron, Fla- 
vixie, Weld or Wold, Turmeric, Persian Berries, Safflower, Madder, 
Mnnjeet, Axinota, Alkanet Root, Archil. Proposed IfHo Vegetable 
i>yM.— Soorai^ee, Carsyui^u, Wongahy, Aloes, Pittacal, Barbary Root.' 
Animal Mattert used in i>ye<n^.— Cochineal, Lake or Lac, Kerm«. 

This will be found one of the most valuable books on the subject of 
dyeing, ever published In this country. 

Dnssaace. Treatise ob the Coloring Matters 
, Derived from Coai Tar; 

Their Practical Application in Dyeing Cotton,- Wool, afld 
8- 
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Silk ; tlM Pri&ciples of th« Art of Dyeliig and of t)M Di9- 
tilUtion of^loal Tar ; with a Description of this most Im- 
portant New Djes now in use. By Professpr H. Dub- 
sauoe. Chemist. 12mo , $2.50 

CONTENTS.— HJ a to Heal Notice af the Art of Dyelag— Chemical 
PrlaciJpk* of the Art of Dyeiag— PreJimiiiiiTy Preparation of Stuffs — 
MordiEitu— Djelug— c^D th«* CoTorine Matt era produced ty Coal Tjir^ 
DistUJatloQ of Co .1 1 Tar— HiBtoj-y of Aniline— Properticfl of AoUiae— 
Preparation of Aolliae Jjir^ctly from Coal Tai^Artltlcilal Prepftratlon 
Of Aniline— Prfl pa rat ion of Demole— Projpertl** of Beniole — PreranTa* 
tion of N Itro-Soi] 20 le— Transformation of Nitro-Jlenzole into Aoilinet 
by mi'ads uf Sulphidis of Ammonium i by Naieent Hydrogen i bv Ace- 
tate of Iron ; and by Araenlte of Potaab— Propertlea of the Bi-Nitro- 
Bennde— Anillme Purple- Viol I ne — RoBcine -^ Eraeraldiiie — Dleu dc 
P.irla— FiiUehlo^t or Me gen I a— Coloring Matteru obtained by other 
banes from Coal Tar— NltroBO-Pheoyliue— Dl Nltro-Anlilne— JSltro- 
Phenyltne- Picric Aold— Rosolio Add— tlulnollne— Napthftline Colore 
— Chloroxynflphthrilic and Perehloroxynapthalla AcUb— CArmlnaph-^ 
tha— iVi na [ih tlia 1 a ni, 1 n e— Ntt roao n n p bt h a line— Nap hth ameln — Ta r Red 
-Azu lino— Application uf Ckial Tar CulurB to the Art of Dyelnp and 
Calico Printing— AtJt ion of Light on Coloring Matters from CoJil Tar 
— Latoit Improve menti In the Art of Dyeing— Chryftammia Add— Mo- 
lybdio and Picric Adda— Eittracst of Madder- Theory of tho Fixntlon 
of Coloring Matti^H in Oyctng and; lYlntlng— Pl'inclplca of the AdloiL 
of the moat important IMordanta--AluniiTioyi Mordantsa— Ferruginoui 
Mordants— StHtiiiiferou a Monlaots- Artificiai A) liar In— Metallic Hy- 

fiosulphltefl as Mordants— liyer'i Soap—Preparation of Indigo for Dy^ 
ng^and Printing— Bdati^ value of Indigo- Chlneae Gteea Murexide. 

Dyer and Color-maker^s Companion : 

Containing upwards of two hundred Eeceipts for making 
Colors, on the most approved principles, for all the 
various styles and fabrics now in existence ; with the 
Scouring Process, and plain Directions for Preparing, 
Washing-off, and Finishing the Goods. Second edition. 
In one volume, 12mo 75 



French Dyer, (The) : 



Comprising the Art of Dyeing in Woolen, Silk, Cotton, 
etc., «tc. By M. M. Riffaalt, Vernaud, De Fontenelle, 
Thillaye, and Mallepeyre. {In press,) 

Love. The Art of Dyeing, Cleaning, Scouring, 
and Finishing, 

On tbb Most Approvbd English and French Methods; 
being Practical Instructions in Dyeing Silks, Woolens 
and Cottons, Feathers, Chips, Straw, etc.. Scouring and 
Cleaning Bed and Window Curtains, Carpets, Rugs, etc., 
French and English Cleaning, any Color or Fabric of 
Silk, Satin, or Damask. By Thomas Love, a working 

Dyer and 3oourer. In one volume, 12mo $3.00 

9 ' 
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O'Neill. Chemistry of Calico Printing, Dye- 
ing, and Bleaching ; 

Inolading Silken, Woolen, and Mixed Go^ds ; Practioal 
and Theoretical. By Charles O'Neill. (In pre$8.) 

O'Neill. A Dictionary of Calieo Priiting and 
Dyeing. 

By Charles O'Neill. {In press.) 

Scott. The Practical Cotton'Spinner and Man- 
ufacturer; 

Or, Th]b Mavaoeb a.nd Oterlookbr's CoMPAirioK. This 
work contains a Comprehensiye System of Galculations ' 
for Mill Gearing and Machinery, from «the first Moving 
. Power, through the different processes of Carding, Draw- 
ing, Slabbing, RoVing, Spinning, and Weaving, adapted 
to American Machinery, Practice and Usages. Compen- 
dious Tables of Tarns and Reeds are added. Illustrated 
by large Working-Drawings of the most approved Ameri- 
can Cotton Machinery. Complete in one volume, oc- 
tavo ^3.50 

'This edition of Seott*i Cotton-Spinner, by Oliver Byrne, Is designed 
for the Amerioan Operative. It will be found Intensely practical, and 
will be of the greatest possible value to the Manager, Overseer, and 
Workman. 

Sellers. The Color-mixer. 

By John Sellers, an Experienced Practical Workman. 
To which is added a Catechism of Chemistry. In one 
volume, 12mo. (In press.) 

Smith. The Dyer's Instructor; 

Comprising Practical Instructions in the Art of Dyeing 
Silk, Cotton, Wool and Worsted, and Woolen Goods, as 
Single and Two-colored Damasks, Moreens, /Camlets, 
Lastings, Shot Cobourgs, Silk Striped Orleans, Plain Or- 
leans, from White and Colored Warps, Merinos, Woolens, 
Yarns, etc.; containing nearly eight hundred Receipts. 
To which is added a Treatise on the Art of Padding, and 
the Printing of Silk Warps, Skeins and Handkerchiefs, 
and the various Mordants and Colors for the different 
10 
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styles of suoh work. By David ' Smith, Pattern Dyer. 
A new edition, in one volnme, 12mo. ...$3.00 

OOWTBNTS.— Wool Dyeing, 60 receipts— Cotton Dyeing, 68 ro- 
oeiptB—Silk Dyelogr 60 reoeipts— Woolen Tarn Dyeing, SB reoeipte— 
Wonted Varn Dyeing, 61 receipts— Woolen Dyeing, 62 receiptB— Da- 
mask Dyeing, 40 j-ecelpta— Moreen Dvelng, 3i9 receipts— Two-Colored 
Damask Dyeing, 21 receipts— Camlet Dyeing, 23 receipts— Lasting Dye- 
ing, 23 receiptSf-Shot Coboui-g Dyeing. 18 receipts- Silk Striped Or- 
leans, from Black, White, ana Colored Warps, 23 recetpts-^-Colored 
Orleans, from Black Warps, 16 receipts— Colored Orleans and Co- 
bourgs, from White Warps, 27 receipts- Colored Merinos, 41 receipts 
—Woolen Shawl Dyeing, 16 receipts— Padding, 42 receipts— Silk Warp, 
Skein, and Handkerchiei Printing, 03 veceipts—Natflre and Use of Dye- 
WAres, including Alum, Annotta, Archil, Ammonia, Argol, Super 
Argol, Camwood, Catechu, Cochineal, Chrome, or Bichromate of rot- 
, ash. Cudbear, Chemic, or Sulphate of Indigo, French Berry, or Persian 
Berry, Fustic or Youpc Fustic,, Galls, Indigo, Kermes or Lac DTe, 
Logwood, Madder, 5ltric Acid or Aqua Fortis, Nitrates, Oxalic Tin, 
Peachwood, Prussiate of Potash, Quercitron Bark, Samower, Saun- 
ders or Red Sandal, Sapan Wood, Sumach, Turmeric, Examination of 
Water by Tests, etc., etc. 

Toustain. A Praeticai Treatise on the Wodlea 
Manufacture. 

From the Frepoh of M. Toi^stain.. (in pro/.) 

Ulrkh. Dttssauce. A Complete Treatise 

On the Abt of Dteino Cotton and WooIj, ' as pkxctised in 
Paris, Rouen, Mulhouse and Germany. From the French 
of M. Louis Ulrioh, a Practical Dyer' in the principal 
Manufactories of Paris, Rouen, Mulhouse, etc., etc. ; to 
whlQh are added the most important R^<^ipt9 for D^liig 
Wool, as practised in the ^lanufacture Imperiale des 
Gobelins, Paris. By Professor H. Dussauce. 12mo..$3.00 

CONTENTS.- -^ 

Rouen Dyes, 106 Receipts. 

• Alsace " 236 ". ■? 

'German « 109 " * 

Mulhouse" 73 " 

Parisian « 66 " 

Gobelina " 100 " 
'ln.all nearly TOO Receipts. 



Easton. A Practical Treatise on 'Street or 
Horse-power Railways; 

Their Location, Construction and Management ; with 
general Flans and Rules for their Organization and Ope- 
ration ; together'w^h Examinations as to their Compara- 
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%iv Advaatages arer thd Omnlbas Sjstem, and laqoiHeB 
as to their Yalne for InTOstmont ; including Copies of 
Municipal Ordinanoec relating thereto. Bj Alexander 
Easton, C. E. IXluatrated hj twent7*three plates, 8to., 
cloth $2.00 

ExamiiiatioBs^fif drags, Medicines, Chemicais, 
ete.. 

As to their Purity and Adulterations. By G. H. Pelroe, 
U. D. 12mo., cloth 12.00 

Fisher's Photogenie MaBipnlatioD. 

'l6mo.y cloth 62 

Gas aid YentilatioB; 

A Practical Treatise on Gas and Ventilation. By C B. 
Perkins. 12mo., oloth 76 

Gilbart. A Pnetieal Treatise en BanlLiBg. 

By James William Cftlhart F. R. 8. A nev enlarged and 
improYod edition. Bdited by J. Smith Homans, editor 
of *<Banker'»Uagaaine.*' To which is added ^' Money," 
by H. C. Carey. 8vo , 18.00 

Gr^ry's Mathematies for Practieai Mea ; 

Adapted to the Pursuits' of Surveyors, Architects, Me> 
chanics'and Ciyil Engineers. 8to., plates, clpth...$1.60 

Hardwielu A MaBaai of Photographic Ghem* 
istry; 

Inoludiug the practice of' the Collodion Process. By J. 
Jf, Hardwioh. {Inpren.) 

Oay. The laterior Decorator; 

The Laws of Harmonious Coloring adapted to Interior 
. Decorations ; with a Practical Treatise on Hduse Paint- 
ing. By D. B, Hay, House Painter and Decorator. II- ' 
lustrated by a Diagram of the Primary, Secondary and 
Tertiary Colon. 12iU0. (/n prtst,} 
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Inventor's Guide— Patent Office and PiteDt 
Laws: 

Or, a Guide to InyeiiitorB, and a Book of Reference for 

..Judges, Lawyers, MagiBtrates, and. others. B7 J. G. 

Moor«. 12mo., cloth « :. .; $1.00 

Jervis. Railway Property. A Treatise 

Ov THB CovBTRUGTioir AND Mavaobmbnt op< Railwatb ; de« 
Bigned to afford useful knowledge, in the popular style, 
to the holders of this class of property ; as well as Rail- 
way ManageTB, Officers and Agents. By John B. Jenrls, 
late Chief Bngineer of the Hudson River Railroad, Gro- 
tou Aqueduct, etc. One volume, 12mo., cloth $1.50 

CONTXNTB. — Preface — Inttoduotion. ConttrucHcn, ~ Introduo* 
tory— Land and Land Damagea^Loeatlon of Line-^Method 6f BualneM 
—Grading— Bridges and Culverts— Road Crossings— Ballasting Track— 
Cross Sleepers—Chairs and Spikes— Rails— Station Buildings— Looo- 
notlves. Coaches and Cars. OmroMntf.— latroduotory— Freig^t.-Pas- 
sengers— Engine Drivers— Repairs to Track— Repairs of Maehinenr.-b 
Civil Engineer— Superintendent— Supplies of Material— Receipts— Dis- 
bursemeats — Statistics — Running Trains — Competition — Financial 
Management— General Remarks. ' 

Joimsom Tlie Coal Trade of British Affleriea j 

With Researches on the Characters and Practical Values 
of American and Foreign Coals. By Walter R. Johnson, 
ClTil and Mining £ngineer and Chemist. Svo $2.00 

This volume contains the results of the experiments made for the 
Navy Department, upon which their Coal contracts are now based. 

Johnston. Instructions for the Analysis ol 
Soils, Limestones and Manures. 

By J. F. W. Johnston. 12mo \.., »•• 38 

Larkin. The Practical Brass and Iron FoonE- 
er's Guide; 

A ConoiM Treatise on the Art of Brass Founding, Sloiild-' 
ing, etc. By James Larkin. 12nio., oloth .-.$1.00 

Leslie's (Miss) Complete Cli»okeryf 

Directions for Gookery in its Various Branches. By Miss 
LeAie. 68th thousand. Thoroughly revised ; with the 
addition of New Beoeipts. In one volume, ISmo., half 

hound, or in sheep. .« «.$1.00 

13 
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Leslie^s (Miss) Ladies' House B#ok ; 

A Manual of Domestic Economy. 20th roTised edition. 
12mo., sheep $1.00 

Leslie's (Miss) Two Hundred Receipts in 
Frencli Cookeiy. 

•Cloth, 12mo....„ : ...1 25 

Lieber. Assayer's Guide; 

Or, Practical Directions to Assajers, Miners and Smelters, 
for the Tests and Assays, by Heat and by Wet Processes, 
of the Ores of all the principal Metals, and of Grold and 
Silver Coins and Alloys. By Oscar M. Lieber, late Geolo- 
gist to' the State of Mississippi. 12mo. With illustra* 

tions 75 

"Am^ng the indispensable works for thjs purpose, is this little 

Lowig. Principles of Organic and Pliysiologi* 
tal Chemistry. « . 

' By Dr. Carl Lowig, Doctor of Medicine and Philosophy; 
Ordinary Professor of Chemistry in- the University of 
Zurich ; Author of *' Chemie des Organischen Verbindun . 
gen.** Translated by Daniel Breed, M. D., of the U. S. 
Patent Office ; late of the Laboratory of Liebig and Lowig. 
8vo., sheep $3.50 

Marble Worker's Manual; 

Containing Practical Information respecting Marbles in 

general, their Cutting, Working and Polishing, Veneer- 

^*ing, etc., etc. 12mo., cloth ^ ...|1.09 

Miles. A Plain Treatise on Horse-shoeing. 

' With Illustrations. By William Miles, Author of '• The 
Horse's Foot." , .».. 76 

Morfit. The Arts of Tanning, Currying and 
Leather Dressing. 

Theoretically and Practically Considered in all their De- 
tails ; being a Pull and Comprehensive Treatise dn the 
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Mannfacture of the Various Kinds of Leather. Illns- 
trated hy over two hundred Engravings. Edited from the 
French of De Fontenelle and Malapeyere. With nu- 
nierons Emendations and Additions, iy Campbell Morfit, 
Practical amd Analytical Chemist. Complete in one vol- 
'nme, octavo $10.00 

This important Treatise will be found to cover the whole field in 
the most masterly manner, and It is believed that In no other brnnch 
of apoUed science could more signal service be rendered to American 
ManuHbtures. 

The publisher is not aware that in anv other work heretofore issued 
in this country, more space has be^n oe voted to this subject than a 
single chapter ; and in ofinerlng this volume to bo hirge and intelligent 
a class as American Tanners and Leather DresBprs, he feels eontldent 
of their substantial support and encouragement. 

CONTENTS.— Introduction— Dignity of Labor— Tan and Tannin 
—Gallic Acid— Extractive-Tanning Materials— Oak Barks— Barking 
of Trees — Method of Estimating the Tanning Power of Astringent 
Substanses- Tan— The Structure and CompoRltion of Skin— Dllftrent 
Kinds of Skin suitable for Tanning— Preliminary Treatment of Skins 
—Tanning Processr-taiproved Processes— Vauquelin's Proeess— Ac- 
celerating Processes- Keasley's, Trumbull's, Hibbard's, and Leprieur's 
Processes— Tanning with Extract of Oak-Bark— Hemlock Tanning— 
With Myrtle Plant— Ensllsh Harness Leather— CaU Skins— Goat and 
Sheep Skins— Horse Hides- Buck. Wolf and Dog Skins— Buffalo, or 
"Grecian*' Leather— Russia Leather— Red Skins— Wallachla Leather 
—Mineral Tanning— Texture and Quality of Leather, and the means 
of Disooveringlts Delects— Tawing— Hungary Leather— Oiled Leather 
— >Tanning as practised by the Mongol Tartars — Shagreen— Parchment 
—Leather Bottles— Tanning of Cordage and Sail Cloth— Glazed or 
"Patent" Leather— Helverson's Process for Rendering Hides Hard 
and Transparent— Currying— Currying of Calf Skins— Currying of 
Goat Skins— Red Leather— Frfir Leather— Water Proof Dressing- 
Perkins' Machine for Pommelling and Graining Leather— Splitting, 
Shaving, Fleshing and Cleansing Machines— Emhossing of Leather- 
Gut Dressing. 

Morfit. A Treatise on Chemistry 

Applied to thb Manufacture op Soap a^d Cakdles ; "being 
a Thorough Exposition, in all their Minutise, of the prin-. 
ciples and Practice of the Trade, based upon the most 
recent Discoveries in Science and Art. By Campbell 
Morflt, Professor of Analytical and Applied Chemistry in 
the University of Maryland. A uev and improved edi- 
tion. Illustrated with 260 Engravings on Wood. Com- 
plete in one volume, large 8vo 1^6.00 

CONTENTS.— CHAPTER L The History of the Art and its Rela- 
tions to Science-i-II. Chemical Combination— III. Alkalies and Alka- 
line Earths— IV. Alkalimentary— V. Acids— VI. Origin and Composi- 
tion of Fatty Matters— VI i; Sasonlflable Fats— Vegetable Tats— Ani- 
mal Fats— waxes- VIII. Action of Heat and Mineral Acids of Fatty 



Matters— IX. Volatile or Essential Oils, and Resins— X. The Proxi- 

. mate Principles of Pats— Their Composition and Properties— Basic 

Constituents of Fats— XI. Theory of Saponification- XII. Utensils 



the Prooefi of Making Soap*-Freparatlon of the Lyes^XIV. Hard 
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Soapi— XV. Soft Soaps— XVL Soaptbv the Gold. ProoeM-XVH. 8U1- 
oiited SoftpB—XVIII. Toilet Soaps^XIX. Patent Soaps— XX. Fraud 
and Adulterations in the Manufacture of Soap— XXI. Candles— XXII. 
lUttminatlon— XXIII. Philosophy of Flame— XXIV. Rawr Material 
for Candles— Purifleation and Bteachiog of Suet-XX V. Wiokt— XX VI. 
Dipped Candles— XXVII. Moulded Candles— XXVIII.^Stearin Candles 
—XXIX. Stearic Add Candles—" Star»' or *' AdamaiShne" Candles— 
Saponification by Lime— Saponification by Lime and Sulphurous Acid 
—Saponification by Sulphuric Aoid— Saponification by the combined 
action of Heat, Pressure and Steam— XXX. Spermaceti Candles«r 
XXXI. Wax Candles— XXXII. Composite Candles— XXXIII. ParaflElii 
—XXXIV. Patent Candles^XXX V. Hydrometers and Therml^eteri. 

Mortimer. Pyroteetuiist's Gompanien; 

Or, a Familiar System of Fire- works. By G. W. Morti- 
mer. Illustrated by numerous Bngravings, 12mo... 76 

Napier. Manual of Eleetro;Metallurgy; 

Including the Application of the Art to Manufacturing 
Processes. By Jamea Napier. From 'the second liondon 
edition, revised and enlarged. Illustrated by iSugrav- 
ings. In one volume, 12mo $1.50 

Napier's Electro-Metallursy ii generally regarded as the very best 
*— otioal Treatise on the Suhfeot in the English- f 



Praotioal Treatise on the Suo|jeot in the English- Language. 

OOITTiarTB.- History of the Art of Electro-Metallum ^ 

tion of Galvanio Batteries, and their respeotive Peculiarities— Elee- 



OOITTllirTB.- History of the Art of Electro-Metallurgy— Deserip- 
ion of Galvanio Batteries, and their respective Peculiarities— Elec- 
trotype Processes- Miscellaneous Applications of the Process of Coat- 



ing with Copper— Bronzine- Decomposition of Metais upon one 
another— Electro-Plating— Eleotro-Gllding-Ilesults of Experiments 
on the Deposition of other Metals as 'Coatings, Theoretical Observa- 



Norris's Hand-book for Locomotive Engineers 
and Machinists; 

Comprising the Calculations for Constructing Locomo- 
tives, Manner of setting Valves, etc., etc. By Septimus 
Norris, Civil and Mechanical Bngineer. In one volume 
12mo., with Illustrations « $1.50 

. ** With pleasure do we meet with suoh a work as Messrs. Norris 
and Baird nave given us." — Artizan, 

** In this work he hfi given us what are called <the secrets of the 
bHsinesB,' in the rules to construct locomotives, in order that the mil- 
lion should be learned in all thinsB^^^-^Sekniifie American. 

Nystrom. A Treatise on Screw-Propcilers and 
tlieir Steam-Engines ;i 

With Practical Rules aud Examples by which to Calcu- 
late and Construct the same for any description of Ves- 
sels. By J. W. Nystrom. Illustrated by over thirty 
Urge Working Drawings. In one volume, octavo...$3.A0 
U 
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Overman. The Manufacture of Iron in all its 
Various Branches; 

To which is added an Essay on the Manufacture of Steel. 
By Frederick Overman, Mining Engineer. With one 
hundred and fifty Wood Engravings. Third edition. In 
one volume, octavo, five hundre.d pages 86.00 

** We hav« now to announce the appWirance of another valuable 
work on th^ subject, which, in our humble opinion, supplies any defi- 
ciency which late Improvements and discoveries may have caused. 
ftom the lapse of time since the date of * Mushet' and ♦ Schrivenor.* 
It is the production of one of our Trans-Atlantic brethren, Mr. Fred- 
erick Overman, Mining Engineer ; and we do not hesitate to set i* 
down as a work of great importance to all connected with the iron in- 
terests : one which, while it is sufficiently technological fully to ex- 
Slaln chemical analysis, and the various phenomena of iron under 
IfFerent circumstances, to the satisfaction of the most fastidious, is 
written in that clear and comprehensive style as to be available to the 
capacity of the humblest mind, and consequently will be of much ad- 
vantage to those works where the proprietors may see the desirability 
of placing it in the, hands of their operatives."— London Mining 
Journal, 

Fainter, Gilder and Yamisher's Companion; 

Containing Rules and Regulations in every thing relating 
to the Arts of Painting, Gilding, Varnishing and Glass 
Staining ; with numerous useful and valuable Reoeipts ; 
Tests for the detection of Adulterations in Oijs and 
Colors^ ; and k statement qf the Diseases and Accidents to 
which Painters, Gilders and Varnishers are particularly 
liable, with the simplest 'methods of Prevention and 
Remedy. Eighth edition. To which are added Complete 
Inetrnotions in Graining, Marbling, Sign Writing, an^ 
Gilding on Glass. 12mo., cloth 75 

Paper-Hanger's (The) Companion; 

In which the Practical Operations of the Trade are sys- 
tematically laid down ; with copious Directions Prepara- 
tory to Papering ; Preventions against the effect df Damp 
in Walls; the various Cements and Pastes adapted to 
the several purposes of the Trade ; Obsenvations and Di- 
rections for the Panelling and Ornamenting of Rooms, 
etc., etc. By James Arrowsmith. In one volume, 
12mo o 75 

Practical (The) Surveyor's Guide; 

Containing the necessary informatipn to make any per- 
son of common oapaoity a finished >«4and Surveyor, with- 

X7 
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out the aid of a Teacher. By Andrew Danoaji, Itand 
Surveyor and Civil Engineer. 12mo 75 

Having had an experience ae a Practical Surveyor, etc., of thirty 
years, it is believed that the author of this volume possesses a thorough 
knowledge of the wants of the profession ; and never having met with 
any work sufflciently concise and instructive in the several details 
necessary for the proper qualification of the Surveyor, it has been his 
object to supply that want. Among other important matters in the 
book, will be found the following : 

Instructions in levelling and profiling, witln a new and apeedr plan 
of setting grades on rail and plank roads— the method of inflecting 
curves— the description and design of a new instrument, whereby dis- 
tances are found at once, without any calculation— a new method of 
surveying any tract of land by measuring one line through it— a geo- 
metrical metnod of correcting surveys taken with the compass, to fit 
them for calculation— a short method of finding the angles from the 
courses, and vice ver«a— the method of surveying with the compass 
through any mine or iron works, and to correct the deflections ox the 
needle by attraction— description of an instrument by the help of 
which any one may measure a map by inspection, without calculation 
—a new and short method of calculation, wherein fewer figures are 
used— the method of correcting the diurnal variation of the needle 
—various methods of plotting and embellishing maps— the most cor- 
rect method of laying off plots with the pole, etc.-rdescription of a 
new compass contrived by the author, etc., etc. 

Railroad Engineer's Pocket Companion for the 
Field. 

By W. CWswold. 12mo., tnoks .fl-OO 

Riddeil. The Elements of Hand'fiaiiing ; 

Being the most Complete and Original Exposition of this 

. Branch of Carpentry that has appeared. By Robert 

Riddeil. Third edition. Enlarged and improved. II- 

lustrated Ij 22 large plates.. 4to., cloth.... ...$3.00 

Rural Chemistry; 

An Elementary Introduction to the Stndy of the Science, 
in its relation to Agriculture and the Arts of Life. By 
Edward Solly, Professor of Chemistry in the Horticul- 
tural Society of London. From the third improved Lon- 
don edition. 12mo $1.25 

Shimk. A Practical Treatise 

Ok Railway' CtJEVtes, ajtd Locawon fob Yotrso ENOiKEfiBS. 
By Wm. F. Shunk, Civil Engineer. 12mo $1.0fl 

Strength mi Qjlher Properties of Metals; 

Reports of Eacperteients on the Strength and other Pro- 
16 
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t^^.m m < Ill 

perties of Metals for Cannoa. With a DescriptioQ of the 
Maohiues for Testing Metals, and of the Clftssifloation of 
Cannon in service. By Officers of the Ordnance Depart- 
ment T7. S. Army, By authority of the Secretary of 
War. Illustrated by 26 large steel plates. In one toI- 

nme, quarto $10.00 

The beat Treatiae ott Cait»iroii extant. 



Tables Showing the Weight 



Or Kotnrp, Sop abb axb Flat Bas Ibok, Stsbl, etc., by 
M«war«in«nt.' Cloth........... .> 50 

Taylor. Statisties of Coal ; . 

Including Mineral Bituminous Substanoea employed in, 
Arts and Manufactures ; with their Geographical, Geo- 
logical and Commercial Distribution, and Amount of Pro- 
duction and Consumption on the American Continent. 
With Incidental Statistios of the Iron Manufacture.. By 
R. C. Taylor. Second edition, revised by S. S. Halde- 
man. Illustrated by five Maps and many Wood l^grav- 
ings. 8vo., cloth 16.00 

TempletoB. The Practical Examinator on 
Steam and the Steam EDgine ; 

With Instructive References relative thereto, arranged 
for the use of Engineers, Students, and others. By Wm. 
Templeton, Engineer. 12mo 75 

nils work was orlginallF Irritten for the author's private lue. He 
vas iwevailed upon by various Engineers, who had seen the notes, to 
consent to its publication, from their eager expression pf belief that 
it would be equally useful to them as it had been to himself. 

Tin and Sheet Iron Worker's Instrnetor; 

Comprising complete Descriptions of the necessary Pat- 
terns and Machinery, and the Processes of Calculating 
Dimensions, Cutting, Joining, Raising, Soldering, etc., 
etc. With numerous Illustrations. {In press,) 

Treatise (A) on a Boi of Instrnments, 

And the Slide Rule ; with the Theory of Trigonometry 
and Logarithms, including Practical Geometry, Survey 
ing. Measuring of Timber, Cask and Malt Gauging, 

19 
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Heights and Distances. By Thomas Kentish. In one 
volume, 12mo $1.00 

A Tolume of Inestimable value to Engineers, Gaugen, Students, and 
others. 

TurnbttU. The Eiectro«Mapetk Telegraph; 

With an Historical Account of its Rise, Progress, and 
Present Condition. Also, Practical Suggestions in regard 
to Insulation and Protection from the Effects of Light- 
ning. Together with an Appendix containing several 
important Telegraphic Devices and Laws« By Lawrence 
Turnbull, M. D., Lecturer on Technical Chemistry at the 
Franklin Institute. Second edition. Revised and im- 
proved. Illustrated by numerous Engravings. 8vo..|2«00 

Tomer's (The) Companion; 

Containing Instruetion in Concentric, Elliptic and Eccen- 
tric Turning ; also various Steel Plates of Chucks, Tools 
and Instruments ; and Directions for Using the Eccentric 
Cutter, Drill, Vertical Cutter and Rest ; with Patterns 
and Instructions for working them. 12mo., cloth..... 75 

Bell. Carpentry Made Easy ; 

Or, The Science and Art of Framing, on a New and Im- 
proved System ; with Specific Instruotiona for Building 
Balloon Frames, Barn Frames, Mill Frames, Warehouses, 
Church Spires, etc. ; comprising also a System of Bridge 
- Building ; with Bills, Estimates of Cost, and Valual^le 
Tables. Illustrated by 38 plates, comprising nearly 200 
figures. By William E. Bell, Architect and Practical 
Builder. 8vo $8.6(K 
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SOCIAL SCIENCE. 

THE WOBKS OF HEKEY C. CABSY. 



" I challenge the production f^oni among the writers on political 
economy of a more learned, pMIoBophlcal, and convincing speculator 
on that theme, than my distinguished fellow-citizen, Henry C. Carey. 
rUe works he has published in support of the protective policy, are 
remarkable for profound research, extensive range of inquiry, rare 
logical acumen, and a consummate knowledge of history."— S^cfe of 
Hon. Edward Jm Morrit, in ike House of BmietOoHvee of the United 
Stateej Fd>ruary 2, 1869. 
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THE WORKS OF HENRT C. CAREY. 

" Henry C. Carey, the best knowa and ablest ecouomist of North 
America. • ♦ • • » In Europe he ie principally known by his 
striking and original attacks, based upon the peculiar advantages of 
American experience, on some of the principal doctrines, espeoiallf 
MalthuB' * Theory of Population' and Rlcardo's teachings. His views 
have been lai^efy adopted and thoroughly discussed in Europe."— 
" The German PolUical Lexicon,^* Edited by BlUTUtOdi and Brater. Leipsic, 
1868. 

" We believe that your labors mark an era in the science of political 
economy. To your researches and lucid arguments are we indebted 
for the explosion of the absurdities of Malthus. Say, and Ricardo. in 
regard to the inability of the earth to meet the demands of a growing 
population. American Industry owes you a debt which cannot be re- 
paid, and which It will ever be proud to acknowledge.— JVom a Letter 
of Hon. George W. SeramUm, M. (7., Bon. WUUam Jeuup. and over Hxty 
i^fiuential cUizene of Luzerne County^ PenmylvaniOf to uenry C. Carey f 
AprU 3, 18M. 

Financial Crises; 

Their Causes and Effects. Svq., paper 25 

French and American Tariffs, 

Compared in a Series of Letters addressed to Mens. M. 
CheTalier. 8to., paper 16 

Harmony (Tlie) of Interests; 

Agricultural, Manufacturing and Commercial. 8to., 

paper ; ; 75 

Cloth 11.25 

" We oan safely recommend this remarkable work to all who wish 
to investigate the causes of the progress or decline of industrial com- 
munities.''— JB2acil;wMMt'< JUagaxine. 

Letters to tlie President of tlie United States. 

8to., P»per 60 



Miseeilaneons Works; 



Comprising '^Harmony of Interests," *< Honey,*' *' Let- 
ters to the President,** "French and American Tariffs," 
and *' Financial Crises.** One volume, Svo., half bound. 

$2.25 



Money 



; A Lecture 



Before the New York Geographical and Statistical So- 
ciety. 8to., pap^r 16 
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Past (The), the Present, and the Fntnre, 

Sto $2.00 

12mo. $1.26 

" Full of Important facta bearing on topics that are now agitatincr 
all Europe. • ♦ ♦ Tkese quotations will only whet the appetite 
of the scientific reader to devour the whole work. It is a book full of 
valuable information."—i^conomiff. 

** Decidedly a book to be read by all who take an Interest in the pro- 
gress of social Boience.''—5j9ecWor. 

"A Southern man myselt never given to tariff doctrines, I confess to 
have been convineed by his reasoning, and, thank Heaven, have not 
now to lea^ the difi^renoe between dogged obstinacy and consistency. 
* Ye gods, give us but li^t V should be the motto of everv inquirer 
after truth, but for fkr dio^rent and better purposes than that which 
prompted the exclamation."—!^ late John S. Skinner. 

" A volume of extensive information, deep thought, high intelU* 
gence, and moreover of material utility."— L^n^M Morning AdveffUer. 

^ Emanating ttom an active intellect, remarkable for distinct views 
and sincere convictions.'*— Sritennia. 

** * The Past, Present, and Future.' is a vast summary of progressive 
philosophy, wherein he demonstrates the benefit of political economy 
In the onward progress of mankind, which, ruled and directed by over» 
whelming influences of an exterior nature, advances little by little, 
until these exterior influences are rendered subservient in their turn, 
to increase as much as possible the extent of their wealth and riches." 
'^Dictionnairt VniverUt dee Contemporaint, Par O. Vapereau. Parit, 
1866. 

Principles ol Social Science. 

Thr«4» TolumBSy Syo., clotli , $7.50 

COKTIlK'Ta««-Volume L Of Science and its Methods— Of Man. 
the Sul^t of Sodal Science— Of Increase in the Numbers of Mankind 
—Of the Occupation of the Earth— Of Value— Of Wealth— Of the For- 
mation of Society— Of Appropriation— Of Changes of Matter in Place 
—Of M hanical and Chemical Changes in the Fotms of Matter. Vol* 
ume II. Of Vital Changes in the Form of Matter— Of the Instrument 
of Association. Volume III. Of Production and Consumption— Of 
Accumulation— Of Circulation— Of Distribution— Of Concentration 
and Centralization— Of Competition— Of Population— Of Food and 
Population— Of Colonization— Of the Malthusian Theory— Of Com- 
merce— Of the Sodetary Organization— Of Social Science. 

** I have no desire here to reproach Mr. MaKhus with the extreme 
lightness of his scientific baggage. In his day, biology» animal and 
vegetable chemistry, the relations of the various portions of the hu- 
man organism, etc. etc., had made but little progress, and it is to the 
general ignorance in -reference to these questions that we must, as I 
think, look for explanation of the fact that he should, with so much 
confidence, in reference to so very grave a subject, have ventured to 
suggest a formula so arbitrary in its character, and one whose hollow- 
ness becomes now so clearly manifest. Mr. Carey's advantage over 
hiiP) both as to facts and logic, is certainly due in great part to the 
irogress that has sinc6 been made in all the sciences connected with 
Lfe ; but then, how admirably has he profited of them 1 How entirely 
Is he au courant of all these branches of knowledge which, whether 
22 
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directly or indirectly, bear upon his sufed'ect I With what skill does h^ 
ask of each and every of them aM that it can be made to furnish, 
whether of facts or arguments f With what elevated views, and 
what amplitude of meant, does he go forward in his work I Above 
IkU, how thorough in his scientific caution I Accumulating inductions, 
and presenting for consideration facts the most undoubted and proba- 
bilities ol the highest kind, he yet affirms nothing, contenting himself 
with showii^ that his opponent had no good reason for affirming the 
nature of the progression, nor the time of duplication, nor the gene- 
ralization which takes the facts of an individual case and deduces 
from them a law for every .race, every climate, every civilization, 
every condition, moral or physical, permanent and transient, 
healthy or unhealthy, of the various populations of the many coun- . 
tries of the world. Then, having reduced the theory to the level of a 
mere hypothesis, he crushes It to atoms under the weight of facts."— 
M. De FotUenay in the "Journal des JEconomittes," PariSt September, 1883. 

" This book is so abundantly fall of notices, facts, comparisons, cal- 
culations, and arguments, that too much would be lost by laying a 
{»art of it before the eye of the reader. The work is vast and severe 
n its conception and aim. and is far removed from the common run 
of the books on similar suctjects."— iZ Mondo BetterariOj Turin. 
, " In political economy, America is represented by one of the 
strongest and most original writers of the age, Henry C. Carey, of 
Philadelphia. * 'f * * * «***«» 

** His theory of Rents is regarded as a complete demonstration that 
the popular views derived from Rlcardo are erroneous ; and on the 
sutiject of Protection, he is generally confessed to be the master- 
thinker of his country.''— ^M<min«£r Review, 

*< Both in Aitferlca axid on th^ Continent, Mr. Henry Carey hat ac- 
quired a great name as a political economist. « » * * • 

" His refutation of Maliiius and Rleardo we oonsider mosttriumph- 
taxt."-^L(mdon OrUie, 

"Mr. Carey began his. publication of Principles twenty years ago; 
he is certainly a mature and deliberate writer. More than this, he is 
readable : his pages swarm with lllnstrative facts and with American 
instances. •••••*•♦•*•*• 

" We are in great charity with books whieh, like Mr. Carey's, theo- 
rize with excessive boldoeas, when the author, as does Mr. Carey, 
possesses information and reasoning power. '^—£on(2on Athenteum. 

" Those who would fight -against the insatiate greed and unscrupu- 
lous misrepresentations of the Manchester school, which we have fre- 
quently exposedj without any of their organs having ever dared to 
make reply, will find in this and Mr. Carey's other works an immense 
store of arms and ammunition. ♦♦*♦»#»# 

'< An author who has, among the political economists of Germany 
and France, numerous readers, is worth attentive perusal in Eng- 
Iand."~£<m<2on St9te9man. 

" Of all the varied answers to the old cry of human nature, * Who 
will show us any good V none are more sententious than Mr. Carey's. 
He says to Kings, Presidents, and People, ♦ Keep the nation at work, 
and the greater the variety of employments the better.' He is seek- 
ing and elucidating the great radical laws of matter as regards man. 
He is at once the apostle and evangelist of temporal righteousness." 
"-National Intelligencer. 

" A work which we believe to be the greatest ever written l^ an 
American, and one which will in future ages be pointed out as the 
most successful effort of its time to form the great icientia tetentiarum.*' 
^PhMadelpMn Evening BtOletin. 
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The Slave Trade, Domestic and Foreign; 

Why it Exists, and How it may be Bxtinguished. 12ino., 
cloth 11.25 

'CONTENTS.— The Wide Extent of Slavery— Of Slavery ifi the 
BrltiBh Colonies— Of Slavery in the United States— Of Emancipation 
in the British Colonlea— How Man passes from Poverty and Slavery 
toward Wealth and Freedom— How Wealth tends to Increase— How 
Labor acquires Value and Man becomes Free — How Man passes from 
Wealth and Freedom toward Povertv and Slavery— How Slavery 
■ grew, and How it is now maintained in the West Indies— How Slavery 
xrew, and is maintained in the United States— How Slavery grows in 
Portugal and Turkey— How Slavery grows in Indian— How Slavery 

§'Ows in Ireland and Scotland— How Slavery grows in England— 
ow can Slavery be extinguished 1— How Freedom grows in Northern 
Germany— How Freedom grows in Russia— How Freedom grows in 
Denmark— How Freedom grows in Spain and Belgium— Of the Duty 
of the People of the United States— Of the mity of the People of Eng* 
land. 

" As A philosophical writer. Mr. Carey is remarkable for the union 
of comprehensive generalizations with a copious induction of faotB. 
His research of principles never leads him to the neglect of details ; 
nor is his accumulation of instances ever at the expense of universal 
triith. He is, doubtless, intent on the investigation of laws, as the 
appropriate aim of science, but i|o passion for theorv seduces him 
Into the region of pure speculation. His mind is no less historical 
than phildsophloal. and had he not^chosen the seT^erer branch In 
which his studies nave borne such excellent fruit, he would have 
attained -an eminent rank amomr the historians from whotn the litera- 
ture of our country has received such signal illustration.''— N«to York 
Tribune, 



French Politico-Economic Controversy, 

Between the Supporters of the Dootrines of Cabbt and 
of thoiie of RiOABDO and Malthus. By MM. De Fontenay, 
Bnpnity Bandrillart, 'and others. Tr|inslated from the 
" Journal dee Eoonomistes," 1862-63. (In pren,) 

Protection of Home Labor and Home Produc- 
tions 

Necessary to the Prosperity of the American Farmer. 
fiy H. C. Baird. Paper iZ 

Smitli. A Mannal of Political Economy. 

By E. Peshine Smith. 12mo., cloth |1.25 
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